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e2-1. If60 = 30° and T = 6 kN, determine the magnitude 
of the resultant force acting on the eyebolt and its direction 
measured clockwise from the positive x axis. 


X 





8 kN 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 
Applying the law of cosines to Fig. b, 


Fr = d 6% + 8° — X6)(8)cos 75° 


= 8.669 KN = 8.67 KN Ans. 


Applying the law of sines to Fig. b and using this result , yields 
sina  sin75° 


— 
— 


8 8.669 





a@ = 63.05° 





Thus, the direction angle @ of Fp measured clockwise from the positive x axis is 
@ =a — 60° =63.05° — 60° =3.05° Ans, 
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2-2. If 6 = 60° and T = SKN, determine the magnitude 
of the resultant force acting on the eyebolt and its direction 
measured clockwise from the positive x axis. 


X 





8 kN 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


Fp = {3 + 8? — X 5)(8)cos 105° 


= 10.47 kN =10.5 kN Ans. 


Applying the law of sines to Fig. b and using this result, yields 


sina  sin105 a = 47.54° 


8 10.47 





Thus, the direction angle @ of Fp measured clockwise from the positive x axis is 
ġ =a — 30° =47.54° — 30° =17.5° Ans. 
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2-3. If the magnitude of the resultant force is to be 9 KN 
directed along the positive x axis, determine the magnitude of 
force T acting on the eyebolt and its angle 0. 


X 





8 kN 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


T= h? +97 —2(8)(9)cos 45° 


= 6.571 KN = 6.57 kN Ans. 


Applying the law of sines to Fig. b and using this result, yields 
sin(90°-@) sin 45° 
8 6.571 


6 = 30.6° Ans. 
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*2—-4. Determine the magnitude of the resultant force F, = 150 Ib 
acting on the bracket and its direction measured 


counterclockwise from the positive u axis. 





F, = 200 Ib 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


Fr = Jo +150? — 2(200)(150)cos 75° 


=216.72 lb = 217 Ib Ans. 


Applying the law of sines to Fig. b and using this result yields 


sing _ sin75° a = 63.05° 
200 216.72 


Thus, the direction angle @ of Fp , measured counterclockwise from the positive u axis, is 
ġ =a —60° = 63.05° — 60° = 3.05° Ans. 





10 
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e2—5. Resolve F, into components along the u and v axes, 
and determine the magnitudes of these components. 


F, = 200 Ib 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of sines to Fig. b, yields 





ee Og = 386 Ans. 
sinlQ5° sin 30° 


i = F, = 283 1b Ans. 








sin45°  sin30° 


Pe 


A 
Sa 109° £200. lb 
N Ty 


+ 


C ) 
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2-6. Resolve F, into components along the u and v axes, F, = 150 lb 


and determine the magnitudes of these components. 





F, = 200 Ib 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of sines to Fig. b, 





ee = F, =150 Ib Ans. 
sin30°  sin30° 
Py OF = 26016 Ans. 








sinl20° sin 30° 
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2-7. If Fg = 2kN and the resultant force acts along the 
positive u axis, determine the magnitude of the resultant 
force and the angle 0. 





The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 
Applying the law of sines to Fig. b, yields 


sing _ sin30° 


3 2 





@ = 48.59° 


Thus, 
6 = 30° +@ = 30° + 48.59° = 78.59° = 78.6° Ans, 


With the result @ = 78.59°, applying the law of sines to Fig. b again, yields 


Fk = _ 2 
sin(180° — 78.59°)  sin30° 


Fr = 3.92 KN Ans. 





13 
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*2-8. If the resultant force is required to act along the 
positive u axis and have a magnitude of 5 KN, determine the 
required magnitude of F, and its direction 0. 





The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


Fg = 3? +5? —2(3)(5)o0s 30° 


= 2.832 KN = 2.83 KN i Ans. 


Using this result and realizing that sin(180° — @) = sin@, the application of 
the sine law to Fig. b, yields 


sin@ _ sin30° 6 = 62.0° Ans. 
5 2832 





14 
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e2-9. The plate is subjected to the two forces at A and B F,=8kN 


as shown. If 6 = 60°, determine the magnitude of the 
resultant of these two forces and its direction measured 
clockwise from the horizontal. 





Fg = 6 kN 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of cosines [Fig.(b)], we have 


F = ¥ 8? + 62 -2(8)(6)cos 100° 


= 10.80 kN = 10.8 kN Ans 
The angle@ can be determined using law of sines{ Fig. (b)]. 


sin@ _ sin 100° 


6 10.80 
sin 8 = 0.5470 
8 = 33.16° 
Thus, the direction ¢ of Fp measured from the x axis is 


@ = 33.16°=30° = 3,16° Ans 





15 
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2-10. Determine the angle of 6 for connecting member A 
to the plate so that the resultant force of F} and Fp is 
directed horizontally to the right. Also, what is the magnitude 
of the resultant force? 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of sines [Fig.(b)], we have 


sin (90°- 6) _ sin 50° 
6 "8B 
sin (90° - 6) = 0.5745 
@ = 54,93° = 54,9° Ans 


From the triangle, @ = 180° — (90° - 54.93°) — 50° = 94.93°. Thus, using 
law of cosines, the magnitude of Fy is 


F, = (82 +6? — 2(8) (6) cos 94.93° 


= 10.4 kN 


2-11. If the tension in the cable is 400 N, determine the 
magnitude and direction of the resultant force acting on 
the pulley. This angle is the same angle 0 of line AB on the 
tailboard block. 


Fy = (400)? + (400)? - 2(400)(400) cos 60° = 400N Ans 


sin@ sin 60° 


Deae ie 
400 400 or Ans 
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*2-12. The device is used for surgical replacement of the 
knee joint. If the force acting along the leg is 360 N, 
determine its components along the x and y’ axes. 


-F, 360 
sin 20° sin 100° 





| Aa-lð5N Am 


M 2 F, = 317N 


merr sm 10 —_ 
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e2-13. ‘The device is used for surgical replacement of the 
knee joint. If the force acting along the leg is 360 N, 
determine its components along the x’ and y axes. 





Fe , 3@.. f.2-183N Ans 
sin 30° sin 80° 
B =. F =N Ans 
sin 70° sin 80° 





18 
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400 lb A 


O 


2-14. Determine the design angle 0 (0° < 0 < 90°) for 
strut AB so that the 400-lb horizontal force has a 
component of 500 Ib directed from A towards C. What is the 
component of force acting along member AB? Take 


h = 40°. 


ai 
J 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Ne 


Fd 


Trigonometry : Using law of sines [Fig.(b)], we have 


ral 
¥ 


P 
© + 
ra 


sin a sin 40° 
§00 400 
sin 6= 0.8035 


sy 


@ = $3.46° = 53.5° 


TE a eo ee 


Thus, P= 180° - 40° - 53,46° = 86.54° 


Using law of sines [Fig. (b)] 


ma 400 
sin 86,54° sin 40° 


F, a = 621 Ib 


400 lb A 


Q 


2-15. Determine the design angle œ (0° <œ = 90°) 
between struts AB and AC so that the 400-lb horizontal 
force has a component of 600 Ib which acts up to the left, in 
the same direction as from B towards A. Take 6 = 30°. 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of cosines [Fig. (b)], we have 
Fc = y 400? + 600? —2(400) (600) cos 30° = 322.97 lb 
The angle @ can be determined using law of sines [Fig. (b)]. 
sin ¢ E sin 30° 
400 322.97 
sin @ = 0.6193 


$ = 38.3° 
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*2-16. Resolve F} into components along the u and v axes 
and determine the magnitudes of these components. 


Sine law : 


Fiy m 250 
sin30° sin LO5° 


Fi, = 129 N 


Fiu 250 


sin45°  sinlOs® Fie = 183N 


e2-17. Resolve F, into components along the u and v axes 
and determine the magnitudes of these components. 


sin 75° sin 75° 
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2-18. The truck is to be towed using two ropes. Determine 
the magnitudes of forces F4 and F} acting on each rope in 
order to develop a resultant force of 950 N directed along 
the positive x axis. Set 0 = 50°. 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of sines [ Fig. (b)], we have 


F 990. 


in sin II 


=o 


r = T14N 


950 
sin 110° 


= 346N 


2-19. The truck is to be towed using two ropes. If the 
resultant force is to be 950 N, directed along the positive x 
axis, determine the magnitudes of forces F} and Fp acting 
on each rope and the angle 6 of F, so that the magnitude of 
F, is a minimum. F , acts at 20° from the x axis as shown. 


Parallelogram Law : In order to produce a minimum force Fp, Fp has 
to act perpendicular to F, . The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Fig. (b). 


F, = 950sin 20° = 325 N 


F, = 950cos 20° = 893 N 


6= 90° -20° = 70.0° 
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*2-20. If d = 45°, F = SKN, and the resultant force is 
6 KN directed along the positive y axis, determine the required 
magnitude of F, and its direction 0. 





The parallelogram law of addition and triangular rule are shown in 


Figs. a and b, respectively. 
Applying the law of cosines to Fig. b, 


F = 46? +57 —2(6)(5) cos45° 


=4.310KN = 4.31 KN 


Using this result and applying the law of sines to Fig. b, yields 


sin _ sin45 6 = 55.1° Ans. 
5 4.310 








22 
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e2-21. If @ = 30° and the resultant force is to be 6 kN 
directed along the positive y axis, determine the magnitudes of 
F, and F, and the angle 0 if F, is required to be a minimum. 





For F3 to be minimum, it has to be directed perpendicular to Fp . 
The parallelogram law of addition and triangular rule are shown in Figs. a and b, respectively. 
By applying simple trigonometry to Fig. b, 


F = 6008 30° = 5.20 kN Ans. 
Fy = 6sin30° = 3 kN Ans. 


@ = 90° -30° = 60° Ans. 





23 
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2-22. Ifo = 30°, F = 5 KN, and the resultant force is to 
be directed along the positive y axis, determine the 
magnitude of the resultant force if F, is to be a minimum. 
Also, what is F, and the angle 0? 





Parallelogram Law and Triangular Rule: The parallelogram law of addition and 

triangular rule are shown in Figs. a and b, respectively. 

For F, to be minimum, it must be directed perpendicular to the resultant force. Thus, 
@ = 90° Ans. 


By applying simple trigonometry to Fig. 8, 


Fy = 5sin30° = 2.50 kN Ans. 
Fr = 5cos 30° = 4.33 KN Ans. 





24 
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2-23. If 0 = 30° and F, = 6 kN, determine the magnitude 
of the resultant force acting on the plate and its direction 
measured clockwise from the positive x axis. 


Parallelogram Law and Triangular Rule: This problem can be solved by adding the forces 
successively, using the parallelogram law of addition, shown in Fig. a. Two triangular force 
diagrams, shown in Figs. b and c, can be derived from the parallelogram. 

Determination of Unknowns: Referring to Fig. b, F” and œ can be determined as follows. 


F' = 442 45? =6.403kN 


tno = æ = 5134 





Using the results for F” and œ and referring to Fig. c, Fg and f can be determined. 


Fp = de + 6.4037 — 2(6)(6.403)cos(51.34° +30°) 


= 8.089 KN = 8.09kN Ans. 


=. B = 47.16° 


8.089 
Thus, the direction angle ¢ of Fp , measured clockwise from the positive x axis, is 


@ =æ +p = 51.34° + 47.16" = 98.5° Ans. 





25 








2 Solutions 44918 1/21/09 12:01 PM Page 26 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


"2-24. If the resultant force Fp is directed along a 
line measured 75° clockwise from the positive x axis and 
the magnitude of F, is to be a minimum, determine the 
magnitudes of Fp and F, and the angle 6 = 90°. 





This problem can be solved by adding the forces successively, using the parallelogram law of addition, 
shown in Fig. a. Two triangular force diagrams, shown in Figs. b and c, can be derived from the parallelograms. 
For F} to be minimum, it must be perpendicular to the resultant force’ s line of action. Thus, 


0 = 90° — 75° = 15° Ans, 


Referring to Fig. b, F’and œ can be determined, 


F’ = 442 +5? = 6.403kN 
tna = = a = 51.34° 


Using the results for 9, œ, and F’ , Fg and F; can be determined by referring to Fig. c. 


Fy = 6.403c0s( 15° +51.43°) = 2.57kN Ans. 
Fr = 6.403 sin(15° +51.43°) = 5.86 kN Ans. 
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e2-25. ‘Two forces F} and F, act on the screw eye. If their 
lines of action are at an angle 0 apart and the magnitude 











of each force is F = F = F, determine the magnitude of 
the resultant force Fp and the angle between Fp and F}. 
| 
F. F 


— 


sing sin(@—¢) 
sin(@-%) = sing 
f- = é 


Ans 


Fr = y (F)? + (F)? ~ AFF) cos( 180° - 6) 


Since cos( 180° - 8) = =¢0 ð 


Fa = F(/2)¥ l+ cos@ 


Since cos(2) = jee 
2 2 


Then 


i 
Higa 


Fp = 2F cos( $) Ans 
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2-26. The log is being towed by two tractors A and B. 
Determine the magnitudes of the two towing forces F , and 
F, if it is required that the resultant force have a magnitude 
Fr = 10 KN and be directed along the x axis. Set 0 = 15°. 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of sines [Fig.(b)], we have 
R10 
sin 15° sin 135° 
F, =3.66kN 
A _ 10 
sin 30° sin 135° 


fa = 7.07 kN 


2-27. The resultant Fp of the two forces acting on the log is 
to be directed along the positive x axis and have a magnitude 
of 10 kN, determine the angle 0 of the cable, attached to B such 
that the magnitude of force Fp in this cable is a minimum. 
What is the magnitude of the force in each cable for this 
situation? 


Parallelogram Law : In order to produce a minimum force F}, F, has 
to act perpendicular to F, .The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Fig. (b). 


i= 10sin 30° = 5.00 kN 


F, = 10cos 30° = 8.66 kN 
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*2-28. The beam is to be hoisted using two chains. Deter- y 
mine the magnitudes of forces F4 and F} acting on each chain 


in order to develop a resultant force of 600 N directed along Fg F4 
the positive y axis. Set 0 = 45°. 


gN 
Fi 600 


cn 45° mo F,=439N Ams 





fi 

i Ü 

Fi 600 
sin 30° sin 105°" AR=a3l1N Am 
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2-29. The beam is to be hoisted using two chains. If the y 
resultant force is to be 600 N directed along the positive y 
axis, determine the magnitudes of forces F , and F, acting on 
each chain and the angle 6 of F} so that the magnitude of F} 
is aminimum. F , acts at 30° from the y axis, as shown. 0 


Fz F; 





For minimum Fp, require 
6@=60° Ans 
F, = 600 cos 3 = S20N Ans 


Fa = 600 sin 30° =300N Ans 
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2-30. Three chains act on the bracket such that they create 
a resultant force having a magnitude of 500 Ib. If two of the 
chains are subjected to known forces, as shown, determine 
the angle 0 of the third chain measured clockwise from the 
positive x axis, so that the magnitude of force F in this chain 
is a minimum. All forces lie in the x-y plane. What is the 
magnitude of F? Hint: First find the resultant of the two 
known forces. Force F acts in this direction. 





Cosine law : 
Fa, = ¥ 300? + 2007 — 2(300)(200)cos60° = 264.6 b 
Sine law : 
sin(30? + 6) Z singg’ 
aan TE ĝ = 10.9 Ans 





When F is directed along Fp; , F will be minimum to create the resultant force. 


Fy = Fay +F Fe =< 64, 6 Ib 


500 = 264.6 + Faija 
Faia = 235 Ib Ans F= Fmin 


31 
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2-31. Three cables pull on the pipe such that they create a 
resultant force having a magnitude of 900 lb. If two of the 
cables are subjected to known forces, as shown in the figure, 
determine the angle 0 of the third cable so that the 
magnitude of force F in this cable is a minimum. All forces 
lie in the x-y plane. What is the magnitude of F? Hint: First 
find the resultant of the two known forces. 


F' = y (600P + (4007 = 2(600)(400) cos 105° = 802.64 Ib 


F = 900 - 802.64 = 97.4b Ans 





sing sin 105° 
— s = | = 46.22° 
600 802.64 = 


@ = 46.22° - 30° = 16? Ans 








(b) F 
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*2-32. Determine the magnitude of the resultant force 


acting on the pin and its direction measured clockwise from 
the positive x axis. 


Rectangular Components: By referring to Fig. a , the x and y components of F}, Fy, and F3 
can be written as 


(Kj), = 30c0s45° = 21.21 1b 
(Fy) = 40c0s 15° = 38.64 Ib 
(F; )x = 25sin 15° = 6.47 Ib 


(F)y = 30sin45° = 21.21 Ib 
(F)y = 40sin 15° = 10.35 Ib 
(F3 )y = 25008 15° = 24.15 Ib 





Resultant Force: Summing the force components algebraically along the x and y axes, 


t (Fr), =EF,;  (Fr)x = 21.21+ 38.64 +6.47 = 66.32 1b > 
+ TE(Fr)y =2Fy; (FR)y = 21.21-10.35- 24.15 = -13.29 Ib = 13.29 Ib 1 


The magnitude of the resultant force Fp is 


Fr = frr )x? + (FR)y? = 166.322 + 13.29? = 67.61 Ans, 


The direction angle 0 of Fp , measured clockwise from the positive xaxis, is 


6= on CEs = wn { 22) = 11.3° 
(Fr); 66.32 


a. 


EEn F=30lb 





ely? 13-29 Ib 


(b) 
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e2-33. If F,=600N and @¢= 30°, determine the y 
magnitude of the resultant force acting on the eyebolt and 
its direction measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a , the x and y components of each force can be written as 


(Fi )x = 60000s30° = 519.62N (F)y = 600sin30°= 300N 
(Fy), = 5000s 60°= 250N (Fy) = 500sin60° = 433.0N 


(F )x = 45 2 | 270N (Fy)y = «s+ = 360N 


Resultant Force: Summing the force components algebraically along the xand y axes, 





+,2(Fr)x = EF; (Fr), = 519.62 + 250-270 = 499.62N > 
+ TE(FR)y = BF); (FR )y = 300- 433.01 -360 = ~493.01N = 493.01N 4 


The magnitude of the resultant force Fp is 


Fr = ee Jy? +(FR)y? = 9499.62? +493.017 = 701.91N =702N Ans. 


The direction angle @ of Fp , Fig. b, measured clockwise from the axis, is 


-enl ER) | p -i 493.01) _ 1 co 
a ee | m (3s ii Ans, 







(Fe) 2499.62N > 
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2-34. If the magnitude of the resultant force acting on y 
the eyebolt is 600 N and its direction measured clockwise 
from the positive x axis is 0 = 30°, determine the magni- 


tude of F, and the angle ¢. 


Rectangular Components: By referring to Figs. a and b, the x and y components of F}, Fz, F3, and Fp 





can be written as 
(A), = H cœġ (F)y = A sing 
(Fz )x = 500cos 60° = 250 N (Fz)y = 500sin60° = 433.01 N 
= 3)_ 4 
(Fy), = 450{ 2) = 270N (R) = 450{ 4) = 360N 
(Fr), = 600c0830° = 519.62N (Fp )y = 600sin30° = 300 N 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


+,2( Fr), ==F,;  519.62= F cos + 250-270 


F cos = 539.62 (1) 
+ TE(Fe)y = £Fy; -300 = F sing — 433.01 -360 
F sing = 493.01 (2) 
Solving Eqs. (1) and (2), yields 
@ = 42.4° K = '731N Ans. 
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2-35. The contact point between the femur and tibia 
bones of the leg is at A. If a vertical force of 175 lb is applied 
at this point, determine the components along the x and y 
axes. Note that the y component represents the normal 
force on the load-bearing region of the bones. Both the x 
and y components of this force cause synovial fluid to be 
squeezed out of the bearing space. 


F, = 175(= ) = 6731b Ans 


12 
F, = -175(=) = -162b Ans 
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*2-36. Ifd = 30° and F, = 3 KN, determine the magnitude y 
of the resultant force acting on the plate and its direction 0 J 
measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a, the xand ycomponents of F}, F}, and F3 can be written as 


(Fi)x = 4sin30° = 2kN (Fy)y = 4.00830° = 3.464 KN 
(Fy) x = 3.00830° = 2.598 kN (F2)y = 3sin 30° = 1.50kN 


4 3 
E A y= 42 |= 340 


Resultant Force: Summing the force components algebraically along the xand yaxes, 





A. 
: 
ae 


t EFR) =EF; (Fr), =—-2+ 2.598+ 4=4.598kN > 
+ TE(FR)y = IFy; (Fe)y = -3.464+ 1.50 -3 = -4.964 KN = 4.964kN J 


The magnitude of the resultant force Fp is 


Fr = frz x? +(FR)y = 14.598? +4964? = 6.77kN Ans. 


The direction angle @ of Fp, Fig. b, measured clockwise from the positive xaxis, is 


swn fal | au aces |. > 
@ = tan ee |= (3 47.2 Ans. 








(Fr), 24-598 | ce 


iS Gee eee 


xX 


Fe, 


Fy | en: 
Fady = 4.964 kN 
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e2-37. If the magnitude for the resultant force acting on 
the plate is required to be 6 KN and its direction measured 
clockwise from the positive x axis is 0 = 30°, determine the 
magnitude of F, and its direction @. 


Rectangular Components: By referring to Figs. a and b, the x and y components of F}, Fz, F3, and Fp 





can be written as 
(R), =4sin30° = 2kN (F,)y = 4.00830° = 3.464kN 
(Fz )x = Fy cos (F2)y = Fy sing 
(d= 44) = 410 Ey = {3} =300 
(Fr), = 6c0s30° = 5.196 kN (Fp )y = 6sin 30° =3KN 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


*2( Fre), =EF,; 5.196=-2+ Foos +4 


Fy cosġ = 3.196 (1) 
+ TE(FR)y = EF; -3=-3.464+ F sing -3 
F; sing = 3.464 (2) 
Solving Eqs. (1) and (2), yields 
@ = 473° Fy = 4.71 KN Ans. 





i 
| N Rhah 
) BS kw | here ke 
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2-38. If = 30° and the resultant force acting on the y F; =4kN 
gusset plate is directed along the positive x axis, determine J 
the magnitudes of F, and the resultant force. 





5 
3 
ae 


Rectangular Components: By referring to Fig. a , the x and ycomponents of F}, Fy , F3, and Fp can be written as 


(Ki), = 4sin30° = 2kN (F; )y = 4 00830° = 3.464 kN 

(Fy), = Fy 00830° = 0.8660F> (F2)y = Fy sin30° = 0.5F> 
4 3 

i= SRT y= 4.2) =34N 

(FR )x = Fp (FR )y =0 


Resultant Force: Summing the force components algebraically along the xand yaxes, 
+TE(FR)y =IFy; 0=-3.464+ 0.5% -3 


Fa =12.93kN = 12.9kN Ans. 
t EFR) = ZF; Fr =—-2+ 0.8660(12.93)+4 
= 13.2kN Ans. 


+ 
i 
! 


-ED 
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2-39. Determine the magnitude of F, and its direction 6 
so that the resultant force is directed vertically upward and 
has a magnitude of 800 N. 





Scalar Notation : Suming the force components algebraically, we have 





> Fy =IF,; F, =0=F sin 6+400cos 20° -600(= 4 
Risin 0 = 133.6 (1) 
+1 h =EĘ; fh, =800= R cos 0+400sin 30° + 600(= 
F cos @ = 240 (2] 
Solving Eq. [1] and [2] yields 
@=29.1° R =275N Ans 


Fe = 800 
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*2-40. Determine the magnitude and direction measured y 
counterclockwise from the positive x axis of the resultant 
force of the three forces acting on the ring A. Take 
F, = 500 N and 0 = 20°. 


Scalar Notation : Suming the force components algebraically, we have 


+ 4 
=> R, =IF; R, = 500sin 20° + 400cos 30°- 600(= } 
=37.42N > 


+T Fp = ZF; Fe =500cos 20° + 400sin 30° + 600(= 
= 1029.8 N T 


The magnitude of the resultant force F, is 


R= yR + = 37.422 + 1029.8? = 1030.5 N = L.03kN Ans 


The directional angle @ measured counterclockwise from positive x axis is 





F, 1029. 
a= tan’! = an (87 Ans x 
R, 37.42 I“37.62N 
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e2-41. Determine the magnitude and direction 6 of Fp so 
that the resultant force is directed along the positive y axis 


and has a magnitude of 1500 N. 








Sealar Notation : Suming the force components algebraically, we have 


+R SEE; 0=700sin 30°- Fcos 6 





F, cos 6 = 350 [1] 
+T R, =IR; 1500 =700cos 30° + F sin 6 
Fsin @ = 893.8 [2] 
Solving Eq. [1] and [2] yields 
6=68.6° F =960N Ans 
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2—42. Determine the magnitude and angle measured 
counterclockwise from the positive y axis of the resultant 
force acting on the bracket if Fg = 600 N and 0 = 20°. 





Scalar Notatlon : Suming the force components algebraically, we have 


> R = ZF; fy, = 700sin 30° -600cos 20° 
=-213.8N=213.8N¢ 


+? =IF; F, = 700cos 30° + 600sin 20° 
7 ¥ R, 
=81L4N T 


The magnitude of the resultant force F, is 


2 = a2 dla 
R VRIR y 213.87 +811.4 = 839 N Ans 


The directional angle O measured counterclockwise from positive y axis is 





Fi (213.8 
e tan A lan (Fa) 14.8° ns 
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2-43. If d@ =30° and F, = 2501lb, determine the y 
magnitude of the resultant force acting on the bracket and 
its direction measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a, the xand ycomponents of F}, F>, and F3 can be written as 






(F), = 25000s30° = 216.51 Ib (F,)y = 250sin 30° = 125 Ib 
za: 4 s 3 
(Fa) =300( $) = 2401 (Fa) = 30 2} = 18018 
(E; )x = 260, = | = 1001b (F)y = 260 12 |= 2401b F, = 300 1b 
13 y 13 i 





F3 = 260 Ib 
Resultant Force: Summing the force components algebraically along the xand yaxes, 


t E(Fr)s =EF; (Fr), = 216.51+ 240-100 = 356.51 lb => 
+ TE(FR)y =BFy; (FR)y =125- 180- 240= -295 Ib= 2951b 1 


The magnitude of the resultant force Fp is 


Fr = AFR)? +p Be = 356.517 + 295? = 463 1b Ans. 


The direction angle @ of Fg , Fig. b, measured clockwise from the positive xaxis, is 


= =i (fr) = i 295 _ = o 
6 = tan fos tan =| 39.6 Ans. 


Fly 


ph- F=2501b 


moe & 
PANS NFER 
7a) 4A 

V/s f,=300lb 


Fr: 260 Ib ) F) en iene 
by ley =Z2975 Ib 






> '5/ lb 
Gustnt y 
Q | 





(A ) 


dd 
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*2—44. If the magnitude of the resultant force acting on 
the bracket is 400 Ib directed along the positive x axis, 


determine the magnitude of F, and its direction ¢. 


Rectangular Components: By referring to Fig. a, the xand y components of Fj, Fz, F3, and Fp 


can be written as 


(Fi), = F cos¢ 


(Fy), = sap $ | 240 Ib 
(Fy) = 26¢{ 1001 
37x 13 


(Fr), = 400 Ib 


(Fi)y = sing 


(F> dy = soo 2 = 180 lb 
(F3)y = 26i{ )= 240 Ib 


(Fr)y =0 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


+, 2( Fr), = EIF; 400= F cosd +240-100 


F cos @ = 260 (1) 
+ TE(Fr)y = Fp; 0= A sing — 180- 240 
F sing = 420 (2) 
Solving Eqs. (1) and (2), yields 
$ = 58.2° F = 494 Ib Ans. 
— Y 
f =400 Ib 
(b) 
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e2-45. If the resultant force acting on the bracket is to be y 
directed along the positive x axis and the magnitude of F} is 
required to be a minimum, determine the magnitudes of the 
resultant force and F,. 






Fy = 300 Ib 





F; = 260 Ib 


Rectangular Components: By referring to Figs. a and b, the x and y components of F}, Fz, F3, and Fp 
can be written as 


(Ax = F cos (Ady = F sing 

(4 3 
(F2), = son 4) = 240 Ib (Fy )y = so 2 = 180 Ib 
F), = 260| > |=1001 = 260| 42 |= 
(Fy), = 260{ 5 }=100 1 (F3)y = 2) 240 Ib 
(Fr)x = Fr (Fr)y =0 


Resultant Force: Summing the force components algebraically along the xand y axes, 


+TE(FR)y = IF; 0= A sing - 180- 240 





420 
ie sing a) 
t E(FR)x = EF; Fr = F} cose + 240- 100 (2) 


By inspecting Eq. (1), we realize that F} is minimum when sing = lor @ = 90°. Thus, 
F = 420 Ib Ans. 
Substituting these results into Eq. (2), yields 


Fr = 140 1b : Ans. 


| il EY | Fk le 
re iH FN | 
Aa Cb) 
f= {| Ey F =300!b 
È =<60lb | 
Fz) 
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2—46. The three concurrent forces acting on the screw eye 
produce a resultant force Fr = 0. If F, = $ F, and F} is to 
be 90° from F, as shown, determine the required magnitude 
of F, expressed in terms of F} and the angle 9. 


Cartesian Vector Notation : 


F, = F cos 60°i + F sin 60°J 
= 0.50F, i +0.8660A j 


2 
F, = Acos 30i- =F sin 30°] 
= 0.5774F i -0.3333F j 


F, = —A sin Gi ~ Acos 8j 


Resultant Force : 
F, = 0 =F, +F +F, 
0 = (0.506 +0.5774F, - R sin @)i 
+(0.8660F, -0.3333F, - Acos 8)j 
Equating i and j components, we have 
O.50F, + 0.57747, - Asin @=0 
0.8660F -0.3333F - A œs 8@=0 


Solving Eq. [1] and [2] yields 


@=63.7° R =120F 


2-47. Determine the magnitude of F} and its direction 6 
so that the resultant force is directed along the positive x 
axis and has a magnitude of 1250 N. 





Scalar Notation : Suming the force components algebraically, we have 


> h, =IF; 1250=F, sin 6+800cos 30° 
F, sin 0 = $57.18 (1) 


0= F cos 0- 800sin 30° 
F cos 6 = 400 


+T R = 


PE 


Solving Eq. [1] and [2] yields 
9=54.3° F = 686N 
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*2—-48. Determine the magnitude and direction measured 
counterclockwise from the positive x axis of the resultant 
force acting on the ring at O if F4 = 750 N and @ = 45°. 





Scalar Notation : Suming the force components algebraically, we have 


> Fh, =26; Fe, = 750sin 45° + 800cos 30° 
= 1223.15 N > 


+T R =I; Fy, = 750cos 45° — 800sin 30° 
=13033N T 


The magnitude of the resultant force Fp is 


fe = VF +R 
= y 1223.15? + 130,337 = 1230 N = 1.23 kN Ans 


The directional angle @ measured counterclockwise from positive x axis is 


ed = ow = tan (rn) = 6,08° Ans 


e2—-49. Determine the magnitude of the resultant force 
and its direction measured counterclockwise from the 
positive x axis. 


F, = -60 i i+ 60 Jy = istaa azani lb 
© (v2 


B 


F, = —70 sin 60°i— 70 cos 60°j = {- 60.62 i — 35 j} Ib 


F, = {-50 j} ib 


Fk = EF = {-103.05i — 42.57 j} Ib 


Fa = ¥(-103.05)? + C4L5TF = 1illb Ans 


8 = 180° + 22.4° = 202° 
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2-50. The three forces are applied to the bracket. 


800 N 
Determine the range of values for the magnitude of force P 3000 N an 
so that the resultant of the three forces does not exceed 
2400 N. j 





= Fa = EF,; Fa 2 P + 800 cos GO" -3000 cos 30° = P = 2198.08 


+T Fp = EF; Fe a 800sin60° + 3000 sin 30° = 2192.82 
Fa = JOP- 1198.087 + GIDE < 2400 4 
(P — 2198.08)? + (2192.82)? < (2400)? 
(P — 2198.08) < 975.47 
-975.47 $ P — 2198.08 S 975.47 
12226N < P $ 3173.5N 


, 1.22 EN s P Ss 3.17kN Ans 
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2-51. If F, = 150 N and ¢ = 30°, determine the magnitude 
of the resultant force acting on the bracket and its direction 
measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a, the xand ycomponents of F}, Fz, and F3 can be written as 


(A), = 150sin30° = 75N (F)y = 150cos 30° = 129.90N 
(F2 )x = 200N (Fy)y =0 

= 260, -> |= 1008 = 260 12). 
(F3 )x 26 =.) 100N (F3)y = 2 |=2400 





Resultant Force: Summing the force components algebraically along the xand yaxes, 


t EFR) =EF; (Fr) =75+200+100=375N > 
+ TE(Fe)y = EF); (Fg)y =129.90-240=-110.10N =110.01N 4 


The magnitude of the resultant force Fp is 


Fp = Kira x” + (Fey? = ¥375? + 110.10 =391N Ans. 


The direction angle Oof Fp , Fig. b, measured clockwise from the positive xaxis, is 


-1| (Fr) {ee 
Ə = tan | Fr 2| tan 375 16.4 Ans, 





x 





Fe) 2//0:10N 
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*2-52. If the magnitude of the resultant force acting on 
the bracket is to be 450 N directed along the positive u axis, 
determine the magnitude of F, and its direction ¢. 


Rectangular Components: By referring to Fig. a, the xand y components of F,, F2, F3, and Fp 





can be written as 
(A); = A sing (Fi)y = A cosġ 
(F> )x = 200N (F2) =0 
(Fy), = ai{ =) -100N (F3), = 26d 12) =2401 
13 13 
(Fr), = 450c0s 30° = 389.71N (Fr)y = 450sin 30° = 225 Ib 


Resultant Force: Summing the force components algebraically along the xand y axes, 


*,2( Fr), = EF; 389.71 = F sing + 200+ 100 


F sing = 89.71 (1) 
+ TE(FR)y =2Fy; 225= F cos -240 
F cos @ = 465 (2) 
Solving Eqs. (1) and (2), yields 
$ =10.9° F = 474N Ans. 
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e2-53. If the resultant force acting on the bracket is 
required to be a minimum, determine the magnitudes of F} 
and the resultant force. Set @ = 30°. 


Rectangular Components: By referring to Fig. a, the xand ycomponents of Fj, Fz, and F3 


can be written as 
(FA), = F sin30° = 0.55 (Fi)y = F c0s30° = 0.8660 
(Fz )x = 200N (Fa) =0 
(F) = z) 100N ()y = 2 |= xon 


Resultant Force: Summing the force components algebraically along the xand y axes, 


t E(FR)r = ZF; (Fr), = 0.5% +200+ 100 
= 0.55 +300 


+ TE(FR)y =IFy; (FR)y = 08660A -240 


The magnitude of the resultant force Fp is 


Fe = AFR)? + (Fey? 
= (0.5% +300)? + (0.86607; - 240)? 
= JA? - 15.69% + 147600 (1) 


Fr? = Fj? — 115.69F;, + 147 600 (2) 


The first derivative of Eq. (2) is 





dF p 
2ER F, = 2K -115.69 (3) 
and the second derivative of Eq. (1) is 


2 
d°Fp dFp dF + 
. dë di di = 


For Fp to be minimum, Er = 0. Thus, from Eq. (3) 
l 


2Fp ZR = 2F =- 115.692 0 
di 

F =57.84N = 57.8N Ans. 

Substituting A = 57.84 N and Er = Ointo Eq. (4), 
l 

d*Fp 

dF,” 
Thus, A = 57.84 N produces a minimum Fp . From Eq. (1), 


Fg = das — 115,69(57.84) + 147600 = 380 N Ans. (b ) 


= 0.00263 >0 
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2-54. Three forces act on the bracket. Determine the 
magnitude and direction 0 of F, so that the resultant force is 
directed along the positive u axis and has a magnitude of 50 Ib. 





Scalar Notation : Suming the force components algebraically, we have 


+ FR =F; S0cos 25°= 80+ 52( = + eos (25° + 6) 
R cos (25° + 0) = -54.684 [1] 


+? R =IR;  -50sin25° = 52(5)- Asin (25°+ 0) 





R sin (25° + 6) = 69.131 [2] 
Solving Eq. [1] and [2] yields 
25°40 = 128.35° 6@=103° Ans 
R, = 88.1 lb Ans 
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2-55. If F,=150lb and 60 = 55°, determine the 
magnitude and direction measured clockwise from the 
positive x axis of the resultant force of the three forces 
acting on the bracket. 


Scalar Notation : Suming the force components algebraically, we have 


+ F, =5E; F, = 80+52( = + 150008 80° 
= 126.05 lb > 


12 . 
+TR otk; R, =52(5)- 150sin 80° 
==-99,72 b= 99.72 1b 4 


The magnitude of the resultant force F, is 126-05 tb 


F, = AR +R = y 126.052 + 99,722 = 161 Ib Ans 
The directional angle © measured clockwise from positive x axis is 


@= an stan (=5)- 38.3° Ans 


*2-56. The three concurrent forces acting on the post 
produce a resultant force Fp = 0. If F, = LF 1 and F} is to 
be 90° from F, as shown, determine the required magnitude 
of F} expressed in terms of F} and the angle 9. 


Ę cos(@ — 90°) = A 


=f. = 0; 
Ry’ = 0; R sin(6 ~ 90°) = & 


axo- 90°) = É = 5 


Ə — 90° = 26.57° 











Ə = 116.57° = 117° | 

pes R 

cos(116.57° — 90°) 
R= 112K 
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e2-57. Determine the magnitude of force F so that the 
resultant force of the three forces is as small as possible. 
What is the magnitude of this smallest resultant force? 





“> Fax = EF; Fe, = 8- Focos 45° = 14 cos 30° 
=-4 124- F cos 45° 

Th, = EF; Fr, =- F sin 45° +14 sin 30° 
=7-F sin 43° 


FÈ = (4.1244 - F cos 45°} +(7— F sin 45°}? (1) 
2m Tt = 2(-4.1244—F cos 45°)(-cos 45°) +2(7 = F sin 45°)(-sin 45°) = 0 


Fe2Q3kN Ans 
From Eq. (1); Fy =7.87KN Ans 
Also, from the figure require 
(Fe): 20m ZF; Foidsin 15° = 8 cos 49° a0 
Fa203kN Ans 
(Ft): = EF, Fam 14cos 13° -8 sin 45° 


fa a?7.87kN Ans 
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2-58. Express each of the three forces acting on the 
bracket in Cartesian vector form with respect to the x and y 
axes. Determine the magnitude and direction 0 of F} so that 
the resultant force is directed along the positive x’ axis and 
has a magnitude of Fr = 600 N. 








F, = {F cos6i+F sin@j}N Ans 
E, = {350i} N Ans 
F, = {-100j} N Ans 
Require, 


F, = 600 cos30°i + 600-sin30°j 
F, = {519.61 + 300j} N | 

F = IF 

Equating the i and j components yields : 
519.6 = F, cos@ + 350 

R cos@ = 1696 


300 = F sin 6 — 100 


F sin@ = 400 

— af 4007 | 
Ə = tan sag | = 070" Ans 
R = 44N Ans 
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2-59. Determine the coordinate angle y for F, and then 
express each force acting on the bracket as a Cartesian 
vector. 





Rectangular Components: Since cos” Oto + cos? Bo + cos*y 9 = 1, then cosy2 = tdi- cos?45° ~ c0s?.60° = 40.5. 
z 


However, it is required that y > >90°, thus, Y2 = cos }(-0.5) = 120°. By resolving F and F3 into their x, y, and z 
components, as shown in Figs. a and b, respectively F, and F> can be expressed in Cartesian vector form as 


F, = 450cos 45°sin30°— i) + 450.c0s 45° cos 30° (+) + 450 sin 45°( +k) 


= {—159i + 276j+ 318k}N Ans. 
F, = 6000s 45°i + 600.cos 60°j + 600 cos 120°k 
= {4241+300j— 300k} N Ans. 





EFEO N. ) 
GŒ) 
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*2-60. Determine the magnitude and coordinate direction 
angles of the resultant force acting on the bracket. 





Rectangular Components: Since cos? œz + cos? B + cos*y2 =1, then cosy 2, = tW1- cos? 45° — cos260° = 40.5. 


However, it is required that œ; > 90°, thus, 72 = cos~!(-0.5)= 120°. By resolving F; and F, into their x, y, and =z 
components, as shown in Figs. a and b, respectively, F, and F}, can be expressed in Cartesian vector form, as 


F, = 450cos 45° sin30° i) + 450.cos 45° cos 30°(+) + 450sin45°( +k) 


= {-159.10i + 275.57j+ 318.20k}N Ans. 
Fz = 60000s45°i + 600cos 60°j +600 cos 120°k 
= {424i +300j- 300k} N ee 


Resultant Force: By adding F; and F; vectorally, we obtain Fp . 
Fr =F, +F 
= (—159.10i + 275.57j+318.20k) + (424.261 +300j—300k) 
={265.16i+ 575.57j + 18.20k} N 


The magnitude of Fp is 


Fe = fFe) + Fey? + Fade 
ai 265.167 + 575.57% + 18.207 = 633.97N = 634N Ans. 


The coordinate direction angles of Fp are 


atl (Fp), |_ if 265.16 ” = 
Q = cos | Fr |- (Es) 65.3 Ans, 
jso t ha Ea Ans. 
Fp 633.97 
sua (Fr)z = cog 7} 18.20. = 8R.4° 
y = cos | Fr | cos Ez : Ans. 
58 








2 Solutions 44918 1/21/09 12:01 PM Page 59 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e2-61. Express each force acting on the pipe assembly in 
Cartesian vector form. 





Rectangular Components: Since cos” Og + cos” Ba + cosy 9 = 1, then œœ p> on -c02 60° — cos” 120° = 40.7071. 
However, it is required that Bz > 90°, thus, B> = cos! (0.7071) = 45°. By resolving F} and F> into their x, y, and = 
components, as shown in Figs. a and b, respectively, Fy and F>, can be expressed in Cartesian vector form, as 


F, = can $ Jt) +05+ cof 3 )aw 


= [480i+360k JN 
F; = 40000s60°i +400 cos 45°j + 400.cos 120° 
= [2001+ 283j — 200k]N 


E 


J 
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2-62. Determine the magnitude and direction of the 
resultant force acting on the pipe assembly. 





Force Vectors: Since cos” a + 00s” Ba + 00s” y3 = 1, then Peer cos” 60° — cos” 120° = +0.7071. 
However, it is required that y > <90°, thus, y3 = cos~!(0.7071) = 45°. By resolving F} and F; into their x, y, and < 
components, as shown in Figs. a and b, respectively, F; and F>, can be expressed in Cartesian vector form, as 


Fj = cn $ Jen +0j+ sod 2 jew 


= {480i +360k} Ib 
Fz = 400c0s60°i + 400 cos 45°j +400 cos 120° 
= {200i + 282.84j — 200k} Ib 


Resultant Force: By adding F; and F> vectorally, we obtain Fp . 
F R =F, + F> 
= (480i + 360k) + (200i + 282.84j— 200k) 
={680i+ 282.84j + 160k} Ib 


The magnitude of Fp is 


Fr = frr a? HER) HER 
= 46807 + 282.842 + 160? = 753.66 lb =754 lb Ans. 


The coordinate direction angles of Fp are 








f= -l Er) =c 680 = 25.5 Ans. 
— Se | E l 
B = cos! FRY | ~ co-f 28224 ) = 68.0° Ans. 
7 Fr | 753.66 ` 
= eth ER) | 160 S) 
y = o | Fe l cos Er TIT Ans, 
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2-63. The force F acts on the bracket within the octant 
shown. If F = 400 N, B = 60°, and y = 45°, determine the 
x,y,z components of F. 








Coordinate Direction Angles: Since f and yare known, the third angle œ can 


be determined from 
cos” æ +.cos” B + cos”y =| 
cos” a + cos” 60° + cos” 45°= | 
cos a = +0.5 


Since F is in the octant shown in Fig. a, @, must be greater than 90°. Thus, 
a = cos (0.5) = 120°. 


Rectangular Components: By referring to Fig. a, the x, y, and z components of F can 


be written as 
F; = Fos œ = 400cos 120° = -200 N Ans. 
Fy = Fo B = 400cos60° = 200N Ans. 
F, = F cosy = 400cos 45° = 283 N Ans. 


The negative sign indicates that F, is directed towards the negative xaxis. 


My 
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*2—64. The force F acts on the bracket within the octant 
shown. If the magnitudes of the x and z components of F 
are F, = 300 N and F, = 600 N, respectively, and B = 60°, 
determine the magnitude of F and its y component. Also, 
find the coordinate direction angles a and y. 


Rectangular Components: The magnitude of F is given by 


F= fE? + R24 F 
F = b002 + F,? + 600? 


F? = F,? +450 000 (1) 








The magnitude of F, is given by 
F; = Foos 60° = 0.5F (2) 


Solving Eqs. (1) and (2) yields 
F = T1460 N =775N Ans. 
Fy = 387N Ans. 


Coordinate Direction Angles: Since F is contained in the octant so that 
F, is directed towards the negative x axis, the coordinate direction angle 6, 


is given by 
a = ox" =} = Erk 113° Ans. 


The third coordinate direction angle is 


y= cosi Ee) = ces- = |= 392" Ans. 
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°2-65. The two forces F, and F, acting at A have a z 
resultant force of Fr = {—100k} lb. Determine the 
magnitude and coordinate direction angles of F}. 








Cartesian Vector Notation : 
F, = {—100k} Ib 


F, = 60{-cos 50°cos 30° +cos 50°sin 30°j— sin 50°k} Ib 
= {-33.40i + 19.28] - 45.96k } Ib 


F =(F,i+K j+R k} bb 
Resultant Force : 
F, =F, +F, 
-100k = {( R, -33.40) i+ ( Ę, +19.28) j+ ( Ę, -45.96) k} 
Equating i, j and k components, we have 


R, -33.40=0 R, =33.401b 
«BL +19.28=0 FB =-19.28 1b 
R, -45.96=-100 f, =-54.04 Ib 


The magnitude of force F, is 


= ¥ 33,402 + (—19.28)? + (~54.04)? 


= 66.39 lb = 66.4 Ib Ans 


The coordinate direction angles for F, are 





cos d= i = ee a= 59.8° Ans 
A —19.28 | 
ale — eee = a 
cos f= F "TI B= 107 Ans 
—54.04 
cos y= $ = TET y= 14 Ans 
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2—66. Determine the coordinate direction angles of the 
force F} and indicate them on the figure. 





Unit Vector For Foce F, : 


ug =—cos 50°cos 30° + cos 50°sin 30°j- sin 50°k 
= —0.5567i + 0.3214j —0.7660k 


Coordinate Direction Angles : From the unit vector obtained 
above, we have 


cos @=-0.5567 a=124° 
cos P = 0.3214 B=71.3° 
cos y = -0.7660 y= 140° 


2-67. ‘The spur gear is subjected to the two forces caused 
by contact with other gears. Express each force as a 
Cartesian vector. 


F, = 5 (50)}~ 2 (50k = (14.0 J~48.0k} b 


E, = 180 cos 60°l+ 180 cos 135° + 180 cos 60°k 


= {90i—127j+90k} Ib Ans 





*2-68. The spur gear is subjected to the two forces caused 
by contact with other gears. Determine the resultant of the 
two forces and express the result as a Cartesian vector. 

F, = 180 lb 


Fe, = 180 cos 60° = 90 


Fry = (50) + 180 cos 135° = -113 


24 
Fer = ~ 5; (50) + 180 cos 60° = 42 





Fa = (90-113) +42k} ib Ags 
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e2-69. If the resultant force acting on the bracket is z 
Fr = {—300i + 650j + 250k} N, determine the magnitude 
and coordinate direction angles of F. 


Force Vectors: By resolving F; and F; into their x, y, and z components, as shown in Fig, a. 
F} and F, can be expressed in Cartesian vector form as 
F, = 7500s 45° cos 30°(+-i) + 750cos 45° sin 30°(+j) + 750sin45°(—k) 
= [459.281 + 265.17j~530.33k]N 
F = F cosai+ Foos f+ Fos yk 


Resultant Force: By adding F, and F vectorally, we obtain Fp . Thus, 
Fp =F +F 
-300i +650 j+ 250k = (459.28i + 265.17j- 530.33k )+ (F cos 0i + F cos „j+ Fos 6,k ) 
-300i +650 j+ 250k = (459.28 + F cos8, )i+ (265.17+ F cos 6, )j+(Foos 0, —530.33)k 





Equating the i, j, and k components, 
-300 = 459.28+ Fos a 
F cosa = -759.28 (I) 


650 = 265.17 + F cos B 
F cosB = 384.83 (2) 


250 = F cosy — 530.33 
F cosy = 780.33 (3) 


Squaring and then adding Eqs. (1), (2), and (3), yields 
F2 (cos? a + cos” B +cos ?y) = 1 333 518.08 (4) 


However, cos” a +cos* B + cos?y = 1. Thus, from Eq. (4) 
F =1154.78N =1.15KN Ans. 


Substituting F = 1154.78 N into Eqs. (1), (2), and (3), yields 
@=131° B=70.5° y =47.5° Ans. 
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2-70. If the resultant force acting on the bracket is to be Z 
Fr = {800j} N, determine the magnitude and coordinate 
direction angles of F. 


Force Vectors: By resolving F; and F into their x, y, and zcomponents, as shown in Figs. 5 and c, 
respectively, F} and Fcan be expressed in Cartesian vector form as 
F; = 750c0s 45° cos30°(+i) + 750 cos 45°sin 30°(+j)+ 750sin45°(—k) 
= [459.281 + 265.17 j- 530.33k ]N 
F = F cosoi+ Foos fj+ F cos 7k 


Resultant Force: By adding F} and F vectorally, Figs. a, b, and c, we obtain Fp. Thus, 
Fp =F, +F 
800 j= (459.281 + 265.17j- 530.33k)+ ( F cos oi + F cos fj + Fos 7k) 
800j= (459.284 Fos a i+ (265.17 +F cos 8) j+(F cos y = 530.33)k 





Equating the i, į, and k components, we have 
0 = 459.28 + Fy cosa 
F cosa = —459.28 (1) 


800 = 265.17 + F cosB 
F cos B = 534.8 (2) 


0= F cosy -530.33 
F cosy = 530.33 (3) 


Squaring and then adding Eqs. (1), (2), and (3), yields 
F2(cos2a: + cos? B + cos 2y ) = 778 235.93 (4) 


However, cos? œ +cos? B + cos?y = 1. Thus, from Eq. (4) 
F = 882.17N =882N Ans. 


Substituting F = 882.17 N into Eqs. (1), (2), and (3), yields 
a@=121° B=52P yy =33.0° Ans. 


"A 





A) 
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N 


2-71. If œ = 120°, B < 90°, y = 60°, and F = 400 lb, 
determine the magnitude and coordinate direction angles 
of the resultant force acting on the hook. 


Force Vectors: Since cosa + cos” B +cos” y =1, then cos B = +¥1— cos? 120° — cos” 60° = 40.7071. 
However, it is required that B < 90°, thus, B = cos~!( 0.7071) = 45°. By resolving F} and F> into their x, y, and z 
components, as shown in Figs. a and b, respectively, F} and F>, can be expressed in Cartesian vector form as 


F = sof $ Janari eod Eoso sof 2 4) 


= {240i +.415.69j —360k} Ib 
F = 400cos 120% + 400.c0s 45° j + 400.cos 60°k 
= {-200i + 282.84j+ 200k} Ib 








Resultant Force: By adding F} and F vectorally, we obtain Fp . 
Fr =F, +F 
= (2A0i + 415.69 j— 360k) + (—200i + 282.84j + 200k) 
={40i1+ 698.535 — 160k} Ib 


The magnitude of Fg is 


Fe = Fp)? +(Fa)y? + Fre 
= yan)? + (698.53) +(-160)* = 717.74 Ib = 718 Ib Ans. 


The coordinate direction angles of Fp are 








a = cos” CR)x = os 40 = ase Ans. 
Fr 717.74 

p= cot] Ss = cos = = 133° Ans. 
Fr 717.74 

y= o| Ceh |- cos -160 )- 103° Ans. 
Fp 717.74 
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N 


*2-72. If the resultant force acting on the hook is 
Fr = {—200i + 800j + 150k} lb, determine the magnitude 
and coordinate direction angles of F. 


Force Vectors: By resolving F and F into their x, y, and zcomponents, as shown in Figs. a and b, 
respectively, F} and Fy can be expressed in Cartesian vector form as 


F; = sod $ sinso- aa $ Joss0°%+)+ sofà Jo ) 


={240i + 415.69] - 360k} Ib 
F = F owdi + Fos f+ Fos 7k 





Resultant Force: By adding F} and F» vectorally, we obtain Fp . Thus, 
Fr =F, +F 
=200i + 800j + 150k =( 240i + 415.69j= 360k ) + (F cos 6,i+ F cos „j+ Foos 0k) 
— 200i + 8005+ 150k = (240+ F cos œ)i + (415.69 + F cos B)j+(F cosy —360)k 





Equating the i, j, and k components, we have 
—200 = 240+ Fos 6, 


F cosa = -440 (1) 
800 = 415.69 + F cos B 
F cos B = 38431 (2) 


150 = F cos y — 360 
Foosy = 510 (3) 


Squaring and then adding Eqs. (1), (2), and (3), yields 
F2(cos*@ + cos” B +c0s *y) = 601392.49 (4) 


However, cos” a +cos” B + cos*y = 1. Thus, from Eq. (4) 
F = TI5.49N =T/5N Ans. 


Substituting F = 775.49 N into Eqs. (1), (2), and (3), yields 
@=125 B=603° y=489° Ans. 





CA 
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e2—73. The shaft S exerts three force components on the 
die D. Find the magnitude and coordinate direction angles 
of the resultant force. Force F, acts within the octant shown. 


F, = 400i 
Then 
Since cos” 60°' + cos? fa + cos” 60° = 1 
poa Fr = F +E +F; = 5501 + 52.1] + 270k 


Solving for the positive root, hi = 45° , 
l Fy = y (550F + (52.1F + (270F = 614.9N =615N 
E = 300 cos 60° i + 300 cos 45° j + 300 cos 60° k l 
. (= 

g = gg |— 

. 614.9 


) = 26.6° Ans 


= 150i + 212.15 + 150k 
E " _ al $21) 
F = -200(=) + 200(2) k | lj cos Er = §5.1° 


= -160j + 120k 


2-74. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles œ, B1, y; of 
F, so that the resultant force acting on the mast is 


Fr = {350i} N. 

F, = 500 cosa, i + 500cosB,j + 500 cosy, k 

F, =F, + (-300j) +(—200k) 

3501 = 500 cosa, i + (500 cosB, ~ 300)j + (500 cosy, — 200)K 
350 = 500 cosa; a, = 45,6° Ans 

0 = 500cosB, — 300; Pi = 53.1° Ans 


0 = 500cosy, — 200; yi = 66.4° Ans 
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2-75. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles œ, B1, y; of 
F, so that the resultant force acting on the mast is zero. 


E = {500 cosa, i + 500cosf,j + 500 cosy, k} N 


E = {-200k}N 

F, = {-300j} N 

F, =F, +E +K =0 
500cosa, = 0; 
500cos§, = 300; 


500cos Y; = 200; 





*2-76. Determine the magnitude and coordinate Z 
direction angles of F, so that the resultant of the two forces 
acts along the positive x axis and has a magnitude of 500 N. 


F, = (180 cos 15°) sin 60° i + (180 cos 15°) cos 60 ° J - 180 sin 15° k 





= 150.57 i + 86.93 j- 46.59 k 





F, = Fy cos m i+ F, cos, J+ FR cosh k 
Fp = {500i} N 
F, = F +E 
i components : 

500 = 150.57 + F; cos a) 

Fi, =F, cos 0 = 349.43 

Thus, 

j components : 

0 = 86.93 + F cos fr R = (Ri + Bj + Fi = y (349.43) + (—86.93)" + (46.59)" 
F, =R cos B, = -86.93 R = 363N Ans 


a, = 15.8 Ans 


k components : 
0 = -46.59 + F cos # fı = 104° Ans 
F,, =F cos, = 46.59 % = 82.6° Ans 


70 








2 Solutions 44918 1/21/09 12:01 PM Page 71 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e2-77. Determine the magnitude and coordinate direction z 
angles of F, so that the resultant of the two forces is zero. 








F, = (180 cos 15°) sin 60° i + (180 cos 15°) cos 60° J - 180 sin 13° k 
= 130.57 1+ 86.93 j- 46.59 k 


F, = Kwsa, i+ Aoh) Rok 


r= 6 
i components : k components : 
0 = 150.57 +A cos a 0=-46.59+F con 
R cosa; = -150.57 F, cos 4 = 46,59 
J components : R = ¥(-150.57/ + (86.937 + (46.597 
O= 86.93+5 on h 
F, cos By = -86.93 SONi, 
A = 180N Ans 


a, = 147° Ans 
h = 119° Ans 


p = 75.0° Ams 
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2-78. Ifthe resultant force acting on the bracket is directed z 
along the positive y axis, determine the magnitude of the 
resultant force and the coordinate direction angles of F so 
that B < 90°. 








Force Vectors: By resolving Fy and F into their x, y, and zcomponents, as shown in Figs. a and b, 
respectively, F and F can be expressed in Cartesian vector form as 
F; = 600 c08 30°sin30°(+i) + 600.cos 30°cos30 (+j) + 600sin 30°(—-k) 
={259.81i+450j— 300k} N 
F = 500cos ai + 500cos fj + 500 cos7k 


Since the resultant force Fp is directed towards the positive y axis, then 
Fp = FRİ 
Resultant Force: 
Fp =F, +F 
Fp j =(259.81i+ 450j — 300k) + (500cos 6,1 +500 cos 0, j + 500cos 8,k ) 
Fp j =( 259.81 + 500cos œ)i + (450+ 500 cos f )j+(S00cosy —300)k 
Equating the i, į and k components, 
0= 259.81+ 500cosa 
@ =121.31° =121° Ans. 
Fr = 450 + 500cos f (l) 


0= 500cos y — 300 
y = 53.13° = 53.1° Ans. 


However, since cos” a + cos” B +0087 y =], œ= 121.31°, and y = 53.139, 


cos B = ty] cos? 121.31° — cos” 53.13° = 40.6083 


If we substitute cos 8 = 0.6083 into Eq. (1), 





Fr = 450 + 500(0.6083)= 754 N Ans. 
and 
B = cos 1(0,6083) = 52.5° Ans. 
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2-79. Specify the magnitude of F, and its coordinate 
direction angles a3, B3,y3 so that the resultant force 





Fr = {9j} KN. 
F, = 12cos 30°j — 12sin30°k = 10.392j - 6k 
12 5 
FE, = -—(10)i + —(10)k = -9.231 i + 3.846k 
13 13 
Require 
Fr = F, + E + F, 
9j = 10.392j - 6k - 9.2311+ 3.846k + F 
= 9.231i — 1.392 j + 2.154k 
. o = o (2I) = 155° Am 
i 4 9,581 
ence, 
=l -1,392 = o ne 
Fy = (9.231)? + (-1.392)? + (2.154)* | By = os Ger ) 98.4 Ans 
Fy = 9.581kN =9.58kN Ans (2s) 
- —— | = 77.0 Ans 
Y = OS (Fsg 
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*2-80. 


If A = 9 kN,@ = 30°, and ¢ = 45°, determine the 
magnitude and coordinate direction angles of the resultant 
force acting on the ball-and-socket joint. 











Force Vectors: By resolving Fj, Fy and F3 into their x, y, and = components, as shown in Figs 
respectively, F}, Fy and F3 can be expressed in Cartesian vector form 


F; = 10cos 60°sin30 °(—i)+ 10.cos 60° cos30°(+j) + 10 sin 60°(—k) 
={-2.5i + 4.330j — 8.660k} kN 


3 4 
F- = 8} — [-i)+ 0j+ § — [+k 
{jora} 
={-48i + 6.4K} KN 
F3 = 9cos 45°sin30 °(+1)+ 900s 45°cos30° (—j) + 9sin 45°(-k) 


={3.182i— 5.51 1j- 6.364k} kN 


Resultant Force: By adding F}, Fy and F3 vectorally, we obtain Fp. Thus, 
Fr = F; + F» + F3 


= (-2.5i+4.330j-— 8.660k) + (—4.8i + 6.4k) + (3.182i -5.51 1j- 6.364k) 
= {-4,118i—1.181j-8.624k} kN 
The magnitude of Fp is 
Fp = kr h + (Fey? + (Fr) 
deai 18)? + (-1.181)” +(-8.624)* = 9.630 KN =9.63KN Ans. 


The coordinate direction angles of Fp are 


c= cos! [S| oost A) =] 15° 
FR 














9.630 
p= cot] Sa = ce a 97.0° Ans. Gy) 
Fg 9.630 
ae co | a hs |- on (2)- om 
R 9.630 





(E) 
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e2-81. The pole is subjected to the force F, which has 
components acting along the x, y, z axes as shown. If the 
magnitude of F is 3 KN, 6 = 30°, and y = 75°, determine 
the magnitudes of its three components. 








cos’ a + cos’ B + cos’ y = 1 





cos” a+ cos”30° + cos*75° = 1 








aœ = 64,67° 





F, = 3 c0s64.67° = 1.28 kN 
F = 3 co830° = 2.60 kN 


F = 3 cos75° = 0.776 KN 





2-82. The pole is subjected to the force F which has z 
components F, = 1.5kN and F, = 1.25 KN. If B = 75°, 
determine the magnitudes of F and F.. 


























cos’ a + cos? p + costy = 1 


1.5)? 125\* — 
(saree BY 


F = 2,02 kN 


J 


F, = 2.02 cos75° = 0.523 KN Ans 
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2-83. Three forces act on the ring. If the resultant force Fp Z 
has a magnitude and direction as shown, determine the 
magnitude and the coordinate direction angles of force F}. 


Cartesian Vector Notation: 


F, = 120{cos 45°sin 30° + cos 45°cos 30°) + sin 45°k)} N 
= (42.43) + 73.48] + 84.85k} N 


4 
F, = sof$i+ skin = (64.0 + 48.0k} N 


F, = (-110k} N 





F, ={R, i+ j+R, k} N 





Resultant Force: 


F; = F, +F +F, 
{42.43 + 73.48j + 84.85k} 
= {(64.0+5, )i+h j+(48.0-110+5 )k} 
Equating i, j and k components, we have 


64.0+ F, = 42.43 R =-21.57N 
F = 73.48 N 
48.0- 110+Ę, 384.85 & =146.85N 


The magnitude of force F, is 


R = VF +F +R 
a y/(-21.57)* + 73.48? + 146.85? 


= 165.62 N = 166 N Ans 
The coordinate direction angles for F, are 


R, -21.57 


Z =- DI = A 

cos a R 16362 a= 97.5° ns 
E n4 

cos B= E = Tesa pat i 
K 146.85 

OST" i562 8” 


*2-84. Determine the coordinate direction angles of F} 
and Fp. 


Unit Vector of F, and F; : 
fie ok 0.81 + 0.6k 
up = -i+-k=0. i 
A 


ug = cos 45°sin 30°i + cos 45°cos 30°j+ sin 45°k 
=0.3536i + 0.6124j+0.7071k 


Thus, the coordinate direction angles F, and F, are 
cos Gp = 0.8 a, = 36,9° 
cos fp =0 By = 90.0° 
cos Yg = 0.6 Yr, = 53.1° 





cos Gp =0.3536 a, = 69.3° 
cos Pe =0.6124 B, =§2.2° 
cos Yg =0.7071 y, = 45.0° 
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e2-85. Two forces F} and F, act on the bolt. If the resultant 
force Fp has a magnitude of 50 lb and coordinate direction 
angles a = 110° and B = 80°, as shown, determine the 
magnitude of F, and its coordinate direction angles. 


(1)? = cos’110° + cos*80° + cos’ 7 


y = 157.44° 


50 cos110° = (K), 





50 cos80° = (F), 
50 cos 157.44° = (R), — 20 
(R), = -17.10 
(Ę), = 3.68 
(B), = -26.17 


F, = ¥(-17.10)? + (8.68)? + (—26.17)? = 32.4 Ib 


‘4-17.10 : 
= na — A 
a cos ( 324 ) = 122 ns 


-1 8.68 
= ———) = 745° 
cos ory 74.5 


2-86. Determine the position vector r directed from point 
A to point B and the length of cord AB. Take z = 4 m. 





Position Vector: The coordinates for points Aand B are A(3, 0, 2) m and B(0, 6, 4) m, 


respectively. Thus, 
rap = (0-3 +(6-0)j+(4-2)k 
={-3i+6j+2k}m 


The length of cord AB is 


TAR -A346242 =7m 
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2-87. If the cord AB is 7.5 m long, determine the 
coordinate position +z of point B 





Position Vector: The coordinates for points Aand B are A(3, 0, 2) m and B(O, 6, =)m, 
respectively. Thus, 
Fan = (0-—3i+(6-—0)j+(c-—2)k 
={3i+6j+(z—2)k} m 


Since the length of cord is equal to the magnitude of r4p , then 


rap = 75=U-3)" +62 +(2— 2)° 


56.25 = 45 + (2-2) 
z- 2= 33354 
z= 5.35m 





*2-88. Determine the distance between the end points A Z 
and B on the wire by first formulating a position vector 
from A to B and then determining its magnitude. 





ra = (8 sin 60°- (-3 sin 30°)) 1 + (8 cos 60° — 3 cos 30°) j + (-2 - l)k 


Tap = (8.4281 + 1.402) — 3 k}in 


rap = ¥ (8.428) + (1.4027 + (-3P = 9.06 in. Ans 
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e2-89. Determine the magnitude and coordinate zZ 
direction angles of the resultant force acting at A. 


Unit Vectors: The coordinate points A, B,and C are shown in Fig. a. Thus, 
(3=0)i+(3= 0)j+ (2.5 =4)k 


Jo- 0)? +(-3-0)* +(2.5— 4)” 
2.2.1 3 ft 
=3'-37°-3* r 
t. (2— 08+(4—- 0)j+(0-4)k 2.5 ft 


íà J- 0)? +(4-0)? +(0- 4)? fom 


lines 


3 33 is 
p AN h 


Force Vectors: Multiplying the magnitude of the force with its unit vector, we have 


up = 





FTE 






Fc = 750 lb 
ac = 









Fp = Fru p = eod 21-25-24} = (4004 400} 200) lb Ans. 
Fr = uc = 13i{ 4i+2 5-2) = (201+ 500j — 500k} Ib Ans. 
Fr =F, + Fç = 400i — 400j — 200k + 250i + 500j— 500k 
Fr ={650i + 100j- 700k} Ib 
Fp = 16507 + 100 + (700)? = 960 Ib Ans. 
| coe} ERE | L ool 650 ) _ 47 40 
@ = cos | Fr |= 00 (5) ATA Ans. 
F, 
p = os| SR |- oost ( 300) saos Ans. 
Fr 
= cost] E| = cog! 2). 7 An 
y = 008 | Fr | cos { 360 13 S. 
K- 
Up al 994 ft 
rr 


B(3,-3,25)f¢ 
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2-90. Determine the magnitude and coordinate direction Z 
angles of the resultant force. 
2m 


600 N 500 N io 





4m 





8m > C 











X 
faa = (-2j-4 k}m; rga =4.472m 
Uas = (22) = = 0.447 j - 0.894 k 
FAB 
Fis = 600u4s = (~ 268.33 j - 536.66 k}N (Mass 
g = 5 (Sra) a 72,8° Ans 
rac = (41+ 6j- 4 k)m; Fac = 8.246 m i 
95.47 
Ba cos (Sra) = 83.3° Ans 
Wc = (2s) = 0.4851 + 0.728 j - 0.485 k 821.64 
Ac 
z cos (Z2) = 162? Ans 
Fic = S00 aac = (242.541 + 363.80 j - 242.54k)N Y 821.64 


Fy = Fis + Fic 


Fe = (242.541 + 95.47 j = 779.20 k} 


Fy 2 (242,547 + (95.47)? + (—779.20) =821.64= 822N Ans 
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2-91. Determine the magnitude and coordinate direction 
angles of the resultant force acting at A. 


Force Vectors: The unit vectors u g and uç of Fp and Fr must be determined first. From Fig. a 
(4.5sin 45° = 0)i + (=4.5c0s 45° = 0)j+ (0 = 6)k 


TR _ 
ug = —<— = 
"B f(4.5sin4s°—0)? + (—4.5cos 45° — 0)’ +(0-6) 


= 0.4243 - 0.4243j- 0.8k 
(-3-0)i+(-6- 0)j+(0-6)k 


c=- 
C l-3- 0)? + (6-0)? +(0-6)? 


1 2.2 
=—3i- 34-35 








Thus, the force vectors Fg and Fe are given by 
Fp = Fgu g = 900(0.4243i — 0.4243) -—0.8k)= {381.841 -381.84 j-720k}N 


Fo = uç = ca — 31-2 j-Zx}=(-2001- 400j—400k}N 





Resultant Force: 


Fr =Fp +Feo =(381.84i -381.84 j— 720k) + (~200i — 400j— 400k) 
={181.84 i-781.84j—1120k}N 


The magnitude of Fp is 


FR = Fr x? + (Fp )y? + (FR) 2 
= (181.84)? + (-781.84)* +(-1120)? = 1377.95 N =138kN Ans. 


The coordinate direction angles of Fp are 

















æ = cos Cr): |- cos! BLA ja 82.4° Ans, 
Fp 1377.95 
F = 
B = cos”! “Ry = os TELA | =125° Ans. 
Fr 1377.95 
_ =] (FR )e = -1f —1120 S 5 
y = cos | Fe |= (aa = Ans. 
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*2-92. Determine the magnitude and coordinate direction 
angles of the resultant force. 


F = ~ 100() sin 40° i $ 100(  ) cos 40° j * 100( ) 


= {-38.5671 + 45.963} - 80 k} Ib 


R= 81b( 31-2 j-5 x) 


= (36 1-63] - 36k }lb 


F, 2 F + R = (-2.567i - 17.04] - 116.0k} Ib 


Fa = y (—2.567)* + (-17.04)* + (-116.0)? = 117.27 b= 117Ib Ans 


-2. 567 
1) |= a 
cos GS ) 91.3 Ans 


ja eia 


i a 
oy) STRT p 


a-i (7116.0 , 
er (ma) ii 





e2—93. The chandelier is supported by three chains which z 
are concurrent at point O. If the force in each chain has a 
magnitude of 60 lb, express each force as a Cartesian vector 
and determine the magnitude and coordinate direction 
angles of the resultant force. 





(4 cos 30° i — 4 sin 30° j — 6k) 


y (4 cos 30°)? + (—4 sin 30°) + (-6)? 


= (28.81 —-16.6j — 49.9 k} Ib Aus 


FE, = 60 





(— 4.cos 30° i — 4sin 30° j - 6k) 
(-—4 cos 30°? + (—4 sin 30° + (— 6) 


F; = 60 


= (-28.8i -16.6j - 49.9k}ib Ans Fk = 150 1b Ans 





(4 j- 6k) | 
Fe = a a = 90° Ane 
ee (Crt 
: B=90° Ans 
= (33.3) - 49.9k}lb “Ans 
| | y= 180" Ans 
Fe = Fy + Fg +E = {+149,8-k} Ib | i 
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2-94. The chandelier is supported by three chains which 
are concurrent at point O. If the resultant force at O has a 
magnitude of 130 lb and is directed along the negative z axis, 
determine the force in each chain. 





= F$} 6k) _ 05547 Fj - 0.8321 F k 
4? + (- 67 


F; 


Fa =EF;  130= 30.8321 F) 


F = Sll Ans 





2-95. Express force F as a Cartesian vector; then Z 
determine its coordinate direction angles. 


Unit Vector : The coordinates of point A are A 


F = 135 Ib 
10 ft 


A(-10cos 70°sin 30°, 10cos 70°cos 30°, 10sin 70°) ft we 
= A(~1.710, 2.962, 9.397) ft a 
Then y 
r,s = ((5—(-1.710)] i+ (—7 — 2.962) j + (0—9.397) k} ft 7 
= {6.710 = 9.962j —9.397k} ft BZ 7 


raa = ¥ 6.7102 + (-9.962)* + (-9.397)" = 15.250 ft 


a, = aa 6.710% - 9.962) - 9.397 x 
Fin 15.250 


= 0.4400) - 0.6532) -— 0.6162k 





Force Vector: 


F = Fu,, = 135{0.4400i - 0.6532j — 0.6162k} 1b 
= {59.4i — 88.2j — 83.2k} Ib Ans 


Coordinate Direction Angles : From the unit vector u,, obtained 
above, we have 


cos œ = 0.4400 a=63.9° Ans 
cos § = —0.6532 p=131° Ans 
cos Y = -0.6162 y = 128° Ans 
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*2—96. The tower is held in place by three cables. If the z 
force of each cable acting on the tower is shown, determine | D 
the magnitude and coordinate direction angles a, B, y of 
the resultant force. Take x = 20m, y = 15m. 
600 N 
400 NY ¥ 800 N 
24 m Ny 
A O B- ae 
Ce a 6m 
iom a -Jo eo * 
A 


a 20 , 15 A Ày 
"~ 34.66 34. 34.66 
-6 4 24 
F,, = 800 i paid 
ii E * 25106! se 
16 18 4 
Fa- = 600 =i - —j- = 
rial Ga T 34) yoan 


Fp & Fp + Fpp + Foc 


{321.664 — 16.82j — 1466.71k} N 


F, = (321.66)? + (—16.82)2 + (1466.71)? 


= 1501.66 N = 1.50 kN Ans 


321.66 
a = cos” = 77. Ans 
(z5) ERA 





-f -16.82 ` l 
8 = cos (=e) 90.6 Ans 


_ af -1466.71 , 
TAA (a iii ana 
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e2—97. The door is held opened by means of two chains. If 
the tension in AB and CD is F4 = 300 N and Fc = 250 N, 
respectively, express each of these forces in Cartesian 
vector form. 





Unit Vector : First determine the position vector r 4a and rep. The coordinates of 
poins A and C are 


A[O, -(1+ 1.5cos 30°), L.Ssin 30%] m=A(0, —2.299, 0.750) m 
C{-2.50, - (1+ 1.5cos 30°), 1.Ssin 300°] m = C(-2.50, -2.299, 0.750) m 


Then 


r,s = ((0—0)i+[0—(-2.299)]j+(0-0.750) k} m 
= {2.299j-0.750k} m 
= ¥ 2.2992 + (0.750)? = 2.418 m 

2.299) = 0.750k _ 9.9507] -0.3101k 


Uja = — == 


Fag 2.418 


Tag 


rcp = {[-0.5 - (-2.5)] i+ [0- (-2.299)] j+(0- 0.750) k} m 
= {2.001 + 2.299j —0.750k} m 


Fep = 42.00 + 2.2992 + (-0.750)? = 3.138 m 


are to = 0.63731 + 0.7326} - 0.2390k 


Force Vector: 


F, = F uy, = 300(0.9507j-0.3101k} N 
= {285.21j-93.04k} N 
= {285j- 93.0k} N 


Fz = F-ucp = 250{0.6373i +0.7326j - 0.2390k} N 
= {159.331 + 183,15j-$9.75k} N 
= {159 + 183j- 59.7k} N 


2-98. The guy wires are used to support the telephone 
pole. Represent the force in each wire in Cartesian vector 
form. Neglect the diameter of the pole. 





Unit Vector: 


rc = {(-1-0)i + (4-0)j+(0-4)k} m= {-li+4j-4k} m 


re = ¥ (-1)? +42 +(—4)? = 5.745 m 


—li+ 4j—4k | 
= ee SE + —0.6963k 
3745 —0.1741i + 0.6963) 


rpo = {(2—0)i+(-3-0)j+(0-5.5)k} m= (2i-3j-5.5k} m 
rap = ¥ 22 +(—3)? +(-5.5)? = 6.576 m 


ten ® ce = a = = 0.30411 - 0.4562) - 0.8363k 





Force Vector: 


F, = F, uç = 250{-0.1741i +0.6963j-0.6963k} N 
= (43.521 + 174.08) — 174.08k} N 
= (=43.5i + 174j = 174k} N 


F, = upp = 175{0.3041i —0.4562j -0.8363k} N 
= {53.224 - 79.83j— 146.36k} N 
= {53.2i-79.8)- 146k} N 
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2-99. ‘Two cables are used to secure the overhang boom in 
position and support the 1500-N load. If the resultant force 
is directed along the boom from point A towards O, 
determine the magnitudes of the resultant force and forces 
F; and F.. Set x = 3 m and z = 2m. 


Force Vectors: The unit vectors u g and uc must be determined first. From Fig. a, 


TB (=2= 0)i+ (0~ 6)j+(3= Ok 2-1-5 54k 


$  S(-2-0)? + (0-6)? +(3-0) 
ac _& __G-0)i+ 0- 6)j+(2 —0)k dye O55 25 
T  J3-0)2+(0-6)2+(2-0)2 7 7 7 


Thus, the force vectors Fp and Fç are given by 





ug = 








2 6 3 
Fp = Fü g = ~ 75 Fei-> Fest > ak 


3 PE - 
Fc = uç snd “ad li 


Since the resultant force Fg is directed along the negative y axis, and the 
load W is directed along the zaxis, these two forces can be written as 
Fr = -Fpj and W =[-1500k] N 


Resultant Force: The vector addition of Fg , Fç, and W is equal to Fp . Thus, 
Fre =Fg +Fo+W 


2 6 3 3 6 2 
Frj ( = Srpi+2 rok |+(3Fct afcite ck) ( ) 


2 3 6 6 3 2 
Frj ( 74B +34¢ Jel 7 fB Sro \i+{3re 3 } 


Equating the i, j, and k components, 
0=-5 Fe +5 Fe (1) 
-FR =-ÉFp -Fc (2) 
= Sfp +i Fe — 1500 (3) 


Solving Eqs. (1), (2), and (3) yields 
Fo = 1615.38N =1.62kN 
Fg = 2423.08 N =2.42kN 
Fp = 3461.53N = 3.46kN 


REE 
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*2-100. Two cables are used to secure the overhang boom 
in position and support the 1500-N load. If the resultant 
force is directed along the boom from point A towards O, 
determine the values of x and z for the coordinates of point 
C and the magnitude of the resultant force. Set 
Fg = 1610 N and Fc = 2400 N. 











Force Vectors: From Fig. a, 


_ (-2= i+ 0- Oj+G-Ok_ __ 2, 65,3, 


TB 
7B da. 0)7+(0-6)74+(3-02 7 7 7 
t 


(x— 0)i+(0-6)j+(2-O)k 


-E p= 0)? + (0-6) +(z- 0) z j — +36 a il +27 mo 





Fe =Foup = jor -21-$ 543) [-460i — 1380j + 690k]N 


Fc = one pria a ‘Te 2 +36 


14400 


— fet + 22436 2 427 +36 para 2 436 


Since the resultant force Fp is directed along the negative y axis, and the load 
is directed along the zaxis, these two forces can be written as 





£63,0,2)M 





x 
i. (Z60)m 
Fp = -Fpj and W =[-1500k] N Mi 
Resultant Force: 
W=/500 y 
Fr =Fg tF +W 
14 400 
-Fp j= (460i — 1380 j + 690k ) + — +(-1500k) 
ra 7 +27 +36 r+: 
a a... E — E E m PE +| 690+ -1500 |k 
de? + 27436 24 Ei a m= mI 
Equating the i, j, and k components, 
o= Oe __ 460 eee 3 AE a) 
T P o EE asa €130D (2) 
de? +27 +36 x? + -7 +36 
2400: 


0 = 690 + —= = -- 1500 = 810 (3) 
dx? + :2+36 be? 4:24.36 


Dividing Eq. (1) by Eq. (3), yields 

x = 0.5679 (4) 
Substituting Eq. (4) into Eq. (1), and solving 

z = 2.197 m =2.20 m Ans. 
Substituting z= 2.197 m into Eq. (4), yields 

= 1.248 m = 1.25 m Ans. 

Substituting x = 1.248 m and = = 2.197 m into Eq. (2), yields 

Fr = 3591.85 N =3.59kKN Ans. 
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e2-101. The cable AO exerts a force on the top of the pole 
of F = {—120i — 90j — 80k} Ib. If the cable has a length of 
34 ft, determine the height z of the pole and the location 
(x, y) of its base. 


F = y/(-120)* +(-90)? + (-80)* = 170 ib 


F 120 90 80 


u s=- o-—|- — j- 


—k 
170 170 170 


r = 34u = {(-24i - 18j - 16k) ft 


Thus, 

x= 14 ft Ans 
ya 18 ft Ans 
z= lé6ft Ans 
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2-102. Ifthe force in each chain has a magnitude of 450 Ib, 
determine the magnitude and coordinate direction angles 
of the resultant force. 


Force Vectors: The unit vectors u 4 , u g, and ac must be determined first. From Fig. a, 


üa ee Soe OO = -0.1970i + 0.3411j— 0.9191k 


~3sin30° - 0)? + (300s 30° — 0) +(0-7) 


n p = -n30 Oi + (3.008 30° —0)j+ (0-7) = —0.1970i -0.341 1j- 0.9191k 


(-3sin30° — 0)? + (-300s 30° — 0)? +(0— 7)? 
_ _(3-0i+(0- 0)j+(0-7)k 


(3—0)? +0 -0)? +(0- 7)” 





= 0.39391 — 0.9191k 


Thus, the force vectors F4 , Fg , and Fr are given by 
Fa = Fau a = 450(-0.1970i + 0.3411j—0.9191k) = {-88.63i + 153.51j—413.62k} Ib 
Fs = Fgu g = 450(-0.1970i — 0.3411j—0.9191k) = {-88.63i — 153.51j-—413.62k} Ib 
Fe = iuc = 450039391 -—0.9191k) ={ 177.261 —413.62k} Ib 





Resultant Force: 


Fp =F4 +Fp +Fç = (-88.63i + 153.51j —413.62 k) + (-88.63i — 153.51j— 413.62 k) + (177.261 — 413.62k) 
={=1240.85k} Ib 


The magnitude of Fp is 


Fr = (FR)? + (Fay? + Fre 
sa [ozs 07 + (—1240.85)? = 1240.85 Ib = 1.24 kip Ans. 


The coordinate direction angles of Fp are 





a = cos k | cos 1340.85 90° Ans, 
_,| (Fr) E 0 
an | se — aye 
B = cos Se (ae |=” Ans. 
= -1| FR)z = -1f —1240.85 ws 
y = cos [o ee ( 54085 ) = 190 Ans. 
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2-103. If the resultant of the three forces is 
Fr = {—900k} lb, determine the magnitude of the force in 
each chain. 








Force Vectors: The unit vectors u 4 , u g, and uc must be determined first. From Fig. a, 
(-3sin 30° — 0)i + (3 cos 30° — 0)j + (0 —7)k 


u, = = —0.1970i + 0.3411j— 0.9191k 
J- sin30° — 0)? + (3cos 30° - 0)" + (0-7)? 

ug = _{-dain 50 —0)i t+ (300s 30-0] + (0-7K 6 190 0.9411§-0.919ik 
d- sin30° — 0)” + (-3c0s 30° — 0)* + (0- 7)” 


— (3-0 i+ O- 0j+O-7DK__ 9 3930: 0.9191k 


uc 
{3-0 +(0-0)* +(0- 7)” 


Thus, the force vectors F4 , Fp , and Fç are given by 
F4 = Fau 4 =-0.1970F 4i + 0.341 1F 4 j— 0.9191 F4 k 
Fg = Fgu B= —0.1970F pi — 0.341 Fp j—0.9191Fpk 
Fo = Fouc = 0.3939Fci-—0.9191Fck 


Resultant Force: The vector addition of F4 , Fg, and Fç is equal to Fg. Thus, 
Fr =F, +Fp +Fo 
-900k = (—0.1970F, i+ 0.3411 F4 j—0.9191F, k) + (-0.1970 Fpi— 0.341 IF g j — 0.9191 Fp k) + (0.3939F ci — 0.9191 Fck) 
—900k =(—0.1970F, —0.1970Fp + 0.3939 F )i + (0.341 1F 4 — 0.341 1Fg )j+(-0.9191F, —0.9191 Fg — 0.9191 F )k 


Equating the i, j, and k components, 


0 = -0.1970F, — 0.1970 Fp + 0.3939Fc (1) 
0= 0.3411F, -0.341 1Fg (2) 
-900k = -0.9191 F4 — 0.9191 Fp — 0.9191Fc (3) 


Solving Eqs. (1), (2), and (3), yields 
F, = Fg = Fo = 326 1b Ans. 
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*2-104. The antenna tower is supported by three cables. If 
the forces of these cables acting on the antenna are 
Fg = 520N, Fc = 680 N, and Fp = 560 N, determine the 
magnitude and coordinate direction angles of the resultant 
force acting at A. 








Fe = 680{ ©) = ezof in is = «| = 3201+ 360} - 480k 
Fac M4 ë H 

Fo = 560 2). so- 1+ LPT ~t) = ~ 2401+ 160j - 480k 
TAD 25 28 28 


Fy = IF = (801+ 320j -1440k} N 


Fa = y (807 + (3207 + (= 1440 = 1477.3 = 1.48kKN Ans 


80 


— ) = 869% Ans 
1477.3 


a-a 


p = cost (=>) 277.5 Ans 


y= con"! ( = 167° Ans 
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e2-105. If the force in each cable tied to the bin is 70 lb, 
determine the magnitude and coordinate direction angles 
of the resultant force. 


Force Vectors: The unit vectors u 4,09, Uc andu p of F4, Fg, Fe and Fp must be determined first. 
From Fig. a, 
_™ _ (3-0)i+(-2-0)j+(0- 6k 


inin 331-258 
TA do- 0)? +(-2- 0)? + (0-6) 








’ Ep (3-0)i+(2-— 0)j+(0-6)k Tiy = a 
p === = =j+ =j- = 
B (3-0)? +(2 -0)2 +(0- 6)? 7 T 7 
E katia 





Thus, the force vectors F4 , Fp , Fc and Fp are given by 
Jo 2, 6 
F; = Fan 4 = 70 =i- =j- -k | =[30i— 20j— 60k]lb 
A= Faas KE 5-5 [30i ~ 20j ] 
Fp = Fup = nf 31+ Ži- Śr) -t301+ 20j— 60k] Ib 
T 7 7 
3., 2, 6 M 
Fo = uc = 7o{-31+25- Ér) =t-30i +205- 60x 
3, 2. 6 | 
Fp = Fpup = n- i -Zión = 30i -20j- 60k] Ib 


Resultant Force: 


Fg =F, +Fp +Fc +Fp = (30i—20j— 60k) + (301+ 20j- 60k) + (-301+20j— 60k) + (-30i- 20j- 60k) 
={—240k} N 


The magnitude of Fp is 





FR 


KFR) + (Fry? + (Fri 
sor 0+(-240)? = 240 Ib Ans. 


The coordinate direction angles of Fp are 


ll 








a = o | Gs |- cnt( 5) = 90 Ans. 
R 
sad al al oo Z Elgo 05 
— a sm 
ap 
D(—3,-2,0)F* 
th 2(-3,2,0)f 
A(3,-2, OH Yy 4 
X pC 3 2, oft 
(2 ) 
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2-106. If the resultant of the four forces is 
Fr = {—360k} lb, determine the tension developed in 
each cable. Due to symmetry, the tension in the four cables 
is the same. 





Force Vectors: The unit vectors u 4, u g, Uc andu p of F4, Fp, Fc and Fp must be determined first. 
From Fig. a, 





— 0i+(-2- 0)j+(0-6)k 3, 2, 6 
ee on ze w= 24-25- Si 
TA 3-0)? +(-2-0)7 +(0- 6) 


_%B _ _(3-Oi+(2-0)j+(0-Ok_ _3,,2, 6 
i a 


upg j-—k 
TB 3-02 +(2-02+00-62 7 7 7 


Ne (-3—0)i+(2—0)j+(0-6)k _ 3, 2 


u i+ —j O 
i — _— — — — j] m7 [= 
e f-o- 400-92 7 7 7 


_ Fp __(3= Hit (2-0) j+(0- Ok___ 3; 2, _ 6, 


up 
D -3-0)7+(-2-0+00-62 7 7 7 
Since the magnitudes of F4 , Fg , Fc and Fp are the same and denoted as F, they can be written as 
F, =F Sens Si 
A A*A 7 79 7 


P Pe. 
Fg = Fgu g = (3 i+25-Sx) 


< a OES 
Fo = kuc = I(-31+23-$x) 


3. 2. 6 
F = F =F —~—j—-—j—-—k 
D DUD ( 7" 33 7 ) 


Resultant Force: The vector addition of F4 , Fg, Fc and Fp is equal to Fr. Thus, 
Fr =F, +Fg +Fç +Fp 


EEEE EEE 


—360k =- Sk 
Z ElO O, b) ft 
Thus, 
24 
360 = — F F =1051b Ans. 





D-3,-2,0) ft 
0(-3,2,0) ft 
A(3,-2, ft -4 
X g(32,0Ht 

(4) 
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2-107. The pipe is supported at its end by a cord AB. If the 
cord exerts a force of F = 12 lb on the pipe at A, express 
this force as a Cartesian vector. 


Unii Vector : The coordinates of point A are 


A(5, 3cos 20°, —3sin 20°) ft = A (5.00, 2.819, — 1.026) ft 


Then 
r,a = ((0- 5.00)i +(0-2.819})j+ [6-(=1.026)] k} ft 


= {-5.00i -2.819j + 7.026k} ft 


r,a = ¥ (-5.00)?° + (-2.819)?° + 7.026 = 9.073 ft 


= 5 oe 


Mas Tag 9.073 
= -0,551 li -0.3107j + 0.774k 


Force Vector: 


F = Fu,, = 12{-0.5511i —0.3107j+0.7744k} Ib 
= {—6.61i —3.73j+9.29k} Ib 





*2—108. The load at A creates a force of 200 N in wire AB. 
Express this force as a Cartesian vector, acting on A and 
directed towards B. 











raa = (lsin30° -0)i+ (leos30° -0)j+ (2-0k 
= (0.5i + 0.866 j + 2kjm 
rag 2 v (0.5) + (0.866) + (2? = 2.236 m 
Gan ™ (=) = 0.22361 + 0.3873 j + 0.8944k 
Al 


F = 200qa,, = (44.714 77.5) + 179K} N . A 


94 








2 Solutions 44918 1/21/09 12:02 PM Page 95 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e2-109. The cylindrical plate is subjected to the three cable z 
forces which are concurrent at point D. Express each force 
which the cables exert on the plate as a Cartesian vector, 
and determine the magnitude and coordinate direction 
angles of the resultant force. 











ra = (0-00.75 + (0-0j+ (3-0k = (-0.751+0)+3k} m 


ra = y (-0.75 +0 +7 = 3.0923 m Fe =F, +F; +F- 
F =F, (#)- (2 75 1+3 =) ={-1.4552 i+ 5.8209 k} + {0.9701 i- 1.6803 j+ 7.761 1k} 
Fa 3.0923 
+ {0.8575 i+ 0.8575 j+4.8507 k} 


=æ {—1.4552 i+ 5.8209 k} kN 
= {0.3724 1-0.8228 J+ 18.4327 k} kN 


Fa = 4 (0.3724)? + (-0.8228)2 + (18.4327) 


= 18,4548 KN = 18.5 kN Äis 


= {-1.46 i+ 5.82 k} kN Ans 
fc = [o- (-0.75 sin 45°) ]i+[0~(-0.75 cos 45°) J +(3-0)k 


= {0.5303 1+ 0.5303 j+3 k} m 
Fe _ 0,37241- 0.8228) + 18.4327k 


iy = — 2 
re = ¥ (0.5303)? + (0.5303)? + F = 3.0923 m 18.4548 


Fr F-() EE = 0.020181- 0.04459) +0.9988k 
c=re ro z$) ee 


3.0923 
cosa = 0.02018 : as 
= {0.8575 i+ 0.8575 j+4.8507 k} kN a = §8.8° Ans 
cosp = -0. 
= {0.857 1+0.857 j+4.85 k} kN Ans B = -0.04458 §=92.6° Aus 
cosy = 0.9988 y= 2.81° en 


ra =[0-(-0.75 sin 30°) ]i+ (0-0.75 cos30°)j +(3-O)k 
= (0.375 1-0.6495 J+3 k} m 
ra = (0.375)? +(-0.6495 +F = 3.0923 m 


Fa = Fo St) = 9 22751=0.6695)+38) 


= {0.9701i— 1.6803] +7.761 1k} kN 


= {0.9708— 1.68)+7. 76%} kN Ans 
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2-110. The cable attached to the shear-leg derrick exerts a 
force on the derrick of F = 350 Ib. Express this force as a 
Cartesian vector. 


Unit Vector : The coordinates of point B are 





B(50sin 30°, 50cos 30°, 0) ft = 8(25.0, 43.301, 0) ft 


Fag = {(25.0-0)i+ (43.301 -0)j+(0-35)k) ft a ) 
F = 350 lb 


= {25.0i + 43.301j -35.0k } ft 


rag = V 25.02 + 43.301? + (-35.0)* = 61.033 ft AY 
N 30° 


a „Taa 25.014 43.301) -35.0k 
= 0.40961 + 0.7094j - 0.5735k 


Force Vector: 


F = Fu,, = 350{0.4096i +0.7094j-0.5735k} Ib 
= {143i +248j- 201k} Ib 





2-111. Given the three vectors A, B, and D, show that 
A:(B + D)=(A:-B)+ (A-D). 


Since the component of (B + D) is equal to the sum of the components of B and D, then 
A-(B+D) = A-B+A-D (QED) 


Also, 





A-(B+D) = (A.i+ Aj + Ak): [(B; + Dji + (B, + D,)j + (B, + D, )&] 
= A (B, + D,) + A,(B, +D,) + A,(B, + D,) 


= (A,B, + A B, + A,B,)+ (A.D, + AD, + AD) 


= (A-B) + (A-D) (QED) 


96 








2 Solutions 44918 1/21/09 12:02 PM Page 97 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*2-112. Determine the projected component of the force Z 
F ag = 560 N acting along cable AC. Express the result as a 
Cartesian vector. 


Force Vectors: The unit vectors u 4g andu 4c must be determined first. From Fig. a, Ce 


uap = TAB = CISL OHO- F5+0= Ok __ 3; 65,2, 


TB 5-02 4+(0-3)2+(1-0” 7 7 1 


rac __(1.5-0)i+(0- 3)j+ G-0)k =4i-2 5421 


3m 
4c = 
TAC dis -0)7 + (0-3)? +(3- 0) 3 3 KO 
x 


Thus, the force vector F 4g is given by ` 3 o 


3 6 2 
Fag = Fap wap = sad -Ži-Śj+ Žu ]=-240i— 480j+ 160k IN 












Vector Dot Product: The magnitude of the projected component of Fg is 


3 


czo $ asof -2 }+ 160 ) 


= 346.67 N 


‘ eo: 
(FAB JAC = Fap uac = (-240i — 480j+ 160K) {41-2j+24 


Thus, (F 4g )4c expressed in Cartesian vector form is 
Ly 2 2 
(Pap )ac = (Fap Jac Uac = 34664 21-2542) 


= (116i — 231j+231k]N Ans. 
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e2-113. Determine the magnitudes of the components of 
force F = 56 N acting along and perpendicular to line AO. 


Unit Vectors: The unit vectors u 4p and u 4g must be determined first. From Fig. a, 
rap __ {0=(-1.5)i+(0- 3j+(2— Dk 


3 4 
AD o-c +0 -3)? + 2-1? tort 
3, 6 


_mo _ [0-(-1.5)f+(0-3)j+(0- Dk 


ü ao = 5 = I - 
Wo do-crs+o-3}+0-p92 7 7 7 


Thus, the force vector F is given by 








F = Fu yp = sd 21-5 5+ 24 | [241 —48j+ 16k]N 


Vector Dot Product: The magnitude of the projected component of F parallel to line AO is 
3, 6, 2 
=F. = (24i—48j+ 16k), =i-—j-=k 
(F40 ) paral a 4o = ( J {3 z3 7 


3 6 2 
of }ucm( ooo 3 


= 46.86 N = 46.9N Ans. 


The component of F perpendicular to line AO is 


po per = fF? - (Fao) para 
= 156? — 46.867 


= 30.7N Anis. 
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2-114. Determine the length of side BC of the triangular 
plate. Solve the problem by finding the magnitude of rpc; 
then check the result by first finding 0, r4 pg, and r4çc and 
then using the cosine law. 





tec = {(3i+2j-4k} m 


rec = d GY +F +(e) 3 5.39m ë Ans 


Also, 





trac = (3 1+4J-1lk} m 


rac = y OF +(4¥ +(-1)? = 5.0990 m tne (8 ea , 
Tas = {2j+3k} m ractas (3.0990) (3.6056) 
ĝ = 74,219 


Fag = Jor +F =3.6056 m 


Tac: Tap = 0+4(2)+(-1)(3) 25 


recs ¥ (5.0990)? + (3.6056)* ~ 2(5.0990) (3.6056) cos 74,219° 


Fic = 5.39 m Ans 
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2-115. Determine the magnitudes of the components of 
F = 600 N acting along and perpendicular to segment DE 
of the pipe assembly. 


Unit Vectors: The unit vectors n pp and up must be determined first. From Fig. a, 
_trp __ (0=4)4+(2=5)j+ 0-2 


upp = = = —0.7428i — 0.5571 j+0.3714k 
ce r 2 2 2 
ER Toa +(2~ 5)* + [0-(-2)] 


ugp=-İ 


Thus, the force vector F is given by 
F = Fu gg = 600 -0.7428i — 0.5571j+0.3714k) = [-445.66i — 334.25j+ 222.83] N 





Vector Dot Product: The magnitude of the component of F parallel to segment DE of the pipe assembly 
is 
(FED )paral = F -ugp = (445.661 — 334.25) + 222.83k)- (-i) 
= (—445.66)( 0) + (—334.25)( —1) + (222.83) 0) 
= 334.25 = 334N Ans. 


The component of F perpendicular to segment DE of the pipe assembly is 


(Fep )per = dr? -—(Fgp )paral? = 600? - 334.25? = 498N Ans. 





a WED E(4.g,-z)m 
(a) 
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*2-116. Two forces act on the hook. Determine the angle 
0 between them. Also, what are the projections of F} and F, 
along the y axis? 


F, = 600 cos 120° i + 600 cos 60° j + 600 cos 45° k 
= = Oi + 300) + 4243k; FA = GOON 
E = 120i + 90j- 80k: A = 170N 
Fi - F = (— 300) (120) + (300) (90) +(424.3) (- 80) = - 42944 


a — 42 944 


7170) (600) ~~.) = 115 Ans 


F, = {120i + 90j — 80k}N 


Ry = F + j = (300)(1) = 300N Ans 


R, = R -j= (90)(1)=90N Ans 





e2-117. Two forces act on the hook. Determine the 
magnitude of the projection of F, along F,. 





r F, = {120i + 90j — 80k}N 


u, = cos 120° 1 + cos 60° j + cos 45° k 
Proj F = F, - w, = (120) (cos 120°) + (90) (cas 60°) + (-80) (cos 45°) 


[Proj |= 71.6N Ans 
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2-118. Determine the projection of force F = 80 N along 
line BC. Express the result as a Cartesian vector. 





Unit Vectors: The unit vectors u pp and u g must be determined first. From Fig. a, 
eS Neem ca ee) al Raat) I M 
= § 





TD (2— 2)* + (0- 2)” +(1.5- 0)" 
i OOF Ce (1109071) 


OFC 
"FC (4-2) +(0—2)7 +(0- 0) 


Thus, the force vector F is given by 


F= Fem = ao -45+24] = [-64j+48k JN 


Vector Dot Product: The magnitude of the projected component of F along line BC is 
Feo = F-urc = (-64j+48k) -(0.7071i— 0.7071) 
= (0)( 0.7071) + (—64)(—0.7071) + 4&0) 
= 45.25 = 45.2N Ans. 


The component of F gc can be expressed in Cartesian vector form as 
Fac = Fac (U re )= 45.25(0.707 li — 0.70719) 
= {32i —32j} N Ans. 
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2-119. The clamp is used on a jig. If the vertical force z A 
acting on the bolt is F = {—500k}N, determine the 











magnitudes of its components F} and F, which act along the 
OA axis and perpendicular to it. o 40 mm 
y 
|- 20 mm 
z 40 mm-—;——> 
F = {—500k} N 


Unit Vector : The unit vector along OA axis is 


eo 2k 


uig 
y (0-20)? + (0—40)? + (0-40)? 3 3 


Projected Component of F Along OA Aris : 


_ (0-20)i+(0-40)j+(0-40)k 1, 2, 2 


F =F-u,o = (-500k) (-#8- 1-3) 
l 2 d 
=(0) (-5)+0(-5)+ -500 (-5) 
= 333.33 N =333 N Ans 


Component of F Perpendicular to OA Axis : Since the magnitude of 
force F is F= 500 N so that 


R = yF -R = y 50¢ -333.33 = 373 N Ans 
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*2-120. Determine the magnitude of the projected 
component of force F , p acting along the z axis. 


N 





Fac = 600 Ib A] 





36 ft 


Fan = 700 Ib 








18 ft 
Unit Vector: The unit vector u ag must be determined first. From Fig. a, B 
Ep -u - mt Eis ——_. 331-2)-Se ds 
(18— 0)? +(-12 -0)” +(0- 36) $ 
Thus, the force vector Fp is given by = 
Fip = Fina = mof 31-2 j-Se ]=1300i-2003- 600% Ib 


Vector Dot Product: The projected component of F 4g along the = axis is 
(Fag )z = Fag -k = (300i —200j- 600k)-k 
=—600 Ib 
The negative sign indicates that (Fag ), is directed towards the negative z axis. Thus 





(a) 
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e2-121. Determine the magnitude of the projected > 
component of force F ¿ç acting along the z axis. 
A, 


Fyn = 700 Ib 





18 ft 





Unit Vector: The unit vector ur must be determined first. From Fig. a, 
_ mc _ (12sin30° = 0)i+ (12. cos 30° ~ 0)j+ (0 — 36)k = 0.15811 + 0.2739j—0.9487k 


0A Z= = = 
TAC d(i2sin30° -0)? +(12.cos 30°—0)* +(0— 36)” 


Thus, the force vector F4- is given by 
Fac = Fac uac = 600(0.1581i+ 0.2739j — 0.9487k) = {94.871 + 164.32 j—569.21k}N 


Vector Dot Product: The projected component of Far along the z axis is 
(Fac ); =Fac -k = (94.87i+ 164.32j — 569.21k)-k 
=-569 Ib 


The negative sign indicates that Far ), is directed towards the negative = axis. Thus 
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2-122. Determine the projection of force F = 400N 
acting along line AC of the pipe assembly. Express the result 
as a Cartesian vector. 














Force and anit Vector: The force vector F and unit vector a e must be determined first. 


From Fig. (a) 
F = 400(— cos 45° sin30°i + cos 45° cos 30°j+ sin45°k ) 
={—141.42i+ 244.95j+282.84k} 
rae (0-0O)i+(4-0)j+(G-OkK 4, 3 


uac 
We do-a- > 


Vector Dot Product: The magnitude of the projected component of F along line AC is 
Fic = Fwy = (-141.42i+244.95j+ 22an) Si+) 


=(-141.42)(0)+ 24494 +}. 202.84 2) 


= 365.66 Ib Ans. 


Thus, F4- written in Cartesian vector form is 


4 3 
Fac = Fy = 36564 <4 : k| = {293j+ 219k} Ib Ans. 





Ca) 
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2-123. Determine the magnitudes of the components of 
force F = 400 N acting parallel and perpendicular to 
segment BC of the pipe assembly. 











Force Vector: The force vector F must be determined first. From Fig. a, 
F = 400(= cos 45° sin30°i + cos 45° cos 30°j+ sin45°k ) 
={-141.42i + 244,95} + 282.84k} N 


Vector Dot Product: By inspecting Fig. (a) we notice that u pe = į Thus, the magnitude of the 
component of F parallel to segment BC of the pipe assembly is 
(Fac para =F -j =(-141 42i + 244.95 j + 282.84k) -j 
= —141.42(0)+ 244.951) + 282.84(0) 
= 244.95 lb = 245N Ans. 


The magnitude of the component of F perpendicular to segment BC of the pipe assembly can be 
determined from 


(Fac )per = UF? (a kanà = 4400? - 24495? =316N Ans. 
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*2-124. Cable OA is used to support column OB. 
Determine the angle 0 it makes with beam OC. 


Unit Veetor: 


Woe = li 





(4-0)1+(8-0)j+(-8- ük 
= (Oaea ow 


a 
I+ 3 








The Angle’ Between Two Vectors @: 


uoc ‘Hor = an- (p43) 1()+(§)+0(-$)=5 


al 
@ = cos” (upc * Uga ) = COS E = 70.5° 

















02-125. Cable OA is used to support column OB. Z 
Determine the angle ¢ it makes with beam OD. 
D 
O 30° 
7 y 
$ 4m 
C 0 L 
8m = 
X 
8m 
B A y 





Unit Vector: 


= sin 30°i + cos 30°j = —0.5i + 0.8660) 


(4-0)1+(8-0)j+(-8-O)k 


= (4-0)? +(8-0)? +(-8-0)? 


1 2 2 
3731+373 


The Angles Between Two Vectors ġ: 


Wop ‘Yo, =(-0.5i +0. 8660) -( 3- 


*3 
=(-0.5(5 Aeon 3 }+0 0-5) 
=0.4107 


@ = cos"! (gp “Uo, ) = cas” 0.4107 = 65.8° Ans 
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2-126. The cables each exert a force of 400 N on the post. 
Determine the magnitude of the projected component of F} 
along the line of action of F,. 


Force Vector: 


up = sin 35°cos 20°i — sin 35°sin 20°] + cos 35°k 
= 0.53901 —0. 1962j + 0.8192k 





F, = Fug = 400(0.5390i —0. 1962j+0.8192k) N 
= (215.591 —78.47j+327.66k} N 


Unit Vector : The unit vector along the line of action of F} is 


ug = cos 45° +cos 60°j+cos 120°k 
= 0.70711 +0.5j -—0.5k 


Projected Component of F, Along Line of Action of F : 
(F)p, =F, ug = (215.591 - 78.47) +327.66k) - (0.707 1i + 0.5j - 0. 5k) 
= (215.59) (0.7071) +(—78.47) (0.5) + (327.66) (-0.5) 
= -50.6 N 


Negative sign indicates that the force component (F; )p, acts in the opposite sense 
of direction to that of up . 


thus the magnitude is (F,), = 50.6 N 


2-127. Determine the angle 0 between the two cables 
attached to the post. 





Unit Vector: 


up = sin 35°cos 20°i -sin 35°sin 20°j+cos 35°k 
= 0.53901 - 0. 1962j+0.8192k 


= cos 45°i + cos 60°j+cos 120° 
= 0.70714 +0.5j-0.5k 


Un 


The Angle: Between Two Vectors 6: The dot product of two unit 
vectors must be determined first. 


= (0.53905 — 0. 1962) + 0.8192k) - (0.7071i + 0.5j-0. 5k) 
= 0,5390(0.7071) +(—0.1962) (0.5) +0.8192(—0.5) 
= -0.1265 


Ur, ‘Up 


@ = cos" (up - up) = cos” (0.1265) = 97.3° 
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*2-128. A force of F = 80N is applied to the handle of 
the wrench. Determine the angle 0 between the tail of the 
force and the handle AB. 


ur = —cos 30° sin 45°i+ cos 30° cos 45°F +sin 30°k 





= -0.6124 i+-0.6124 j+0.5 k 


ua = -j. 


cos 6 = of - Ogg = (-0.6124 i+0.6124 j+0.5 k) (-j} 





= -0.6124 


ð= 128° 








e2-129. Determine the angle 0 between cables AB and AC. 


Position Vector: 


Pag = {(O-15)i+(3-0)j+(8—O)k) ft 
= {-151+3j+8k} ft 





tac = {((O- 15)i+(—8 -0)j+(12—O0)k} ft 
= (-15i-—8j+ 12k} ft 


The magnitudes of the postion vectors are 


ra = ¥ (—15)? +32 + 82 = 17.263 ft 
r,e = 4 (-15)? + (-8)? + 122 = 20.809 ft 


The Angles Between Two Vectors 0: 


raa Tyc = (—15i+3j+ 8k) - (-15i — 8j+ 12k) 
= (—15) (—15) +(3) (-8) + 8( 12) 
= 297 ft’ 


297 
B= cos"! Fag ‘Tac -1 =34.7 A 
on fat =s | 17-263(20.809) ns 
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2-130. If F has a magnitude of 55 lb, determine the 
magnitude of its projected components acting along the x 
axis and along cable AC. 





Force Vector: 


_ (0-15)i+(3-0)j+(8-O)k 


Una 
(0-15)? +(3—0)? +(8-0)? 


= —().8689i1 + 0.1738] + 0.4634k 


F = Fu,, = 55(-0.8689i +0,1738j+0.4634k) Ib 
= {47.7911 + 9.558) + 25.48%} Ib 


Unit Vector : The unit vector along negative x axis and AC are 
u, =-li 


(O—15)i+(-8-0)j+(12-0)k 


sc = 
Jo- 15)? + (—8 —0)? +(12- 0)? 


= —0.7209i — 0.3845) + 0.5767k 


Projected Component of F : 


F =F-u, = (—47.791i+ 9.558j + 25.489k) - (—1i) 
= (—47.791) (-—1) +9,558(0) +25.489(0) 
= 47.3 ib Ans 


Foe =F + uye = (-47.79 li + 9.558] + 25.489k) - (—0.7209i — 0.3845j + 0.5767k) 
= (—47.791) (0.7209) + (9.558) (-0.3845) + (25.489) (0.5767) 
= 45.5 lb Ans 


2-131. Determine the magnitudes of the projected 
components of the force F = 300 N acting along the x and 
y axes. 





Force Vector: The force vector F must be determined first. From Fig. a, 
= =300sin30° sin 30°1 + 300.cos30°j + 300sin 30° cos30°k 
= [-75i+ 259.81j+ 129.90k]N 


Vector Dot Product: The magnitudes of the projected component of F along the x and y axes are 
F, =F -i= (-75i+ 259.81j+ 129.90k) -i 
=—75(1) + 259.81(0) + 129.90(0) 
=-75N 
Fy =F -j =(-75i+259.81j+ 129.90k ): j 
=-—75(0) + 259.81(1) + 129.90(0) 
=260N 


The negative sign indicates that F, is directed towards the negative x axis. Thus 


F,=75N, Fy=260N 
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*2-132. Determine the magnitude of the projected 
component of the force F = 300 N acting along line OA. 








Force and unit Vector: The force vector F and unit vector n p4 must be determined first. 
From Fig. (a) 
F = —300sin30° sin 30° + 300.cos30°j + 300sin30° cos30°k) 
={—75i + 259.81j+ 129.90 k}N 
roa _ _(-0.45— 0)i+ (03-0) j + (0.2598— 0k 


0.45 — 0)? + (0.3— 0)? + (0.2598 - 0) 





= ~0.75i+ 0.5} + 0.4330k 





Vector Dot Product: The magnitude of the projected component of F along line OA is 
Fo, =F -uoa =(-75i+ 259.81j+ 129.90k)- (-0.75i + 0.5j + 0.4330k) 
=(-75X-0.75) + 259.81(0.5) + 129.90(0.4330) 
= 242N Ans. 


A|-Co.34035in30°) 0.3, 0.3C0820°S m 
4 OF, 0-3, 02598 )m 
la) ee 
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e2-133. Two cables exert forces on the pipe. Determine 
the magnitude of the projected component of F} along the 
line of action of F}. 


Force Vector: 


up, = cos 30°sin 30% +cos 30° cos 30°§— sin 30° 
= 0.43301 +0.75j—0. 5k 


F, = Fug = 30(0.4330i +0.75j-0.5k) Ib 
= {12.990 + 22.5j- 15.0k} Ib 


Unit Vector : One can obtain the angle a = 135° for F, wing Eq4.2-8. 
cos a+cos f+ cosy = |, with B= 60° and y = 60°.The unit vector along the 
line of action of F, is 


Ug > C03 135° + cos 60°} +cos 60° = -0,7071i + 0.5j+ 0. Ske 
Projected Component of F, Along the Line of Action of F, : 
(Ag, =F, -ug = (12,9908 + 22.5) — 15.0k) - (—0.707 li +0. 5) + 0. 5k) 
= (12,990) (—0.7071) + (22.5) (0.5) + (~15.0) (0.5) 


= —§,44 b 


Negative sign indicates that the projected component (F, ),. acts in the opposite 
sense of direction to thal of up . 


The magnitude is (F,), = 5.44 ib. Ans 


2-134. Determine the angle @ between the two cables 
attached to the pipe. 


The Angles Between Two Vectors @: 
Up -ug = (0.43301 +0.75j~0. 5k) -(—0.707 1 +0,5)+0.5k) 


= 0.4330(—-0.7071) +0.75(0.5) + (0.5) (0.5) 
= -0.1812 


@ cos" (ag -tig ) = cos’ (-0.1812) = 100° Ans 


Unit Vector: 


Up = cos 30°sin 3071+ cos 30°cos 30°] - sin 30° 
= 0.43301 +0. 75j -0.5k 


ug = cos 135° + cos 60°] + cos 60°k 
=~), 7071i + 0.5) +0. 5k 
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2-135. Determine the x and y components of the 700-Ib y 
force. T TD 


\ 









F, = -700cos 30° = -606lb Ans 


F, = 700sin 30° = 350b Ans 
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*2-136. Determine the magnitude of the projected 
component of the 100-lb force acting along the axis BC of 
the pipe. 


Force Vector: 


_ (0=6)i+ (12-4) j+(0-(-2)] k 


Bäi (0-6)? + (12-4)? +[0-(-2))? 


= -0.58831 + 0.7845] + 0.1961k 





F = Fulcp = 100(-0.5883i + 0.7845] + 0.196 1k) 
= (58.8351 + 78.446] + 19.612k} lb 


Unit Vector : The unit vector along CB is 


. (0-6)i+(0—4)j+[0-—(—2)]k 
(0-6)? +(0-—4)? +[0—(—2)]? 
= —0.8018i — 0.5345) + 0.2673k 


ucs 


Projected Component of F Along CB: 


Foy = F -Uca = (-58.8351 + 78.446) + 19.612k) « (~0.80181 — 0.5345] + 0.2673k) 
= (-58.835) (0.8018) + (78.446) (-0.5345) + (19.612) (0.2673) 
= 10.5 Ib Ans 





e2-137. Determine the angle 0 between pipe segments z 
BA and BC. 








Position Vector: 
Taa = {-31} ft 


Pac = {(6—0)1+(4—0)j+(-2—0) k} ft 
= (61+ 4) — 2k} ft 


The magnitudes of the poston vectors are 


Taa =3.00ft rac = ¥62 +4? + (-2) = 7.483 ft 


The Angle. Between Two Vectors 6: 


Fo, ‘Fac = (—3i) - (6i + 4j — 2k) 
= (3) (6) + (0) (4) +0(-2) 
=-18.0 f? 


-1{ Taa ‘Tac =l -18.0 
—— (a s Eua 
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2-138. Determine the magnitude and direction of the 
resultant Fr = F, + F, + F, of the three forces by first 
finding the resultant F’ = F; + F, and then forming 
Fr = F' + F,. Specify its direction measured counter- 
clockwise from the positive x axis. 








F' = ¥ (80? + (SOP — (80X50) cos 105° = 104.7 N 


sing _ sin 105°. 


80 104.7 ' 


Fa = (104.72 + (752 — 2(104.7\(75) cos 162. 46° 


A =177.7= 178N Ans 





@= 47.54° 











sin _ sin 162.46° | 
104.7 177.7 ' 





p = 10.23° 








@ = 75° + 10,23° = E.P Ame 


(b) 





= 94-542 
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2-139. Determine the design angle 0 (0 < 90°) between 
the two struts so that the 500-lb horizontal force has a 
component of 600 Ib directed from A toward C. What is the 
component of force acting along member BA? 





The parallelogram law of addition and the triangular rule are shown in Figs. a and b. 600 Ib 
pee 
Applying the law of cosines to Fig. b, e “`. 
, F en 
Fr = f 5007 + 600? — X 500X600 )c0s 20° ponie ~~~. \ 
= 214.91 Ib = 215 1b om i ee y 
(a) l Fo» 
Applying the law of sines to Fig. b and using this result yields 
— @ = 52.7° Ans. 
500 214.91 o tacik 
oer 
BA a 22:9 == 
500 lb 
(b) 
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*2-140. Determine the magnitude and direction of the 
smallest force F, so that the resultant force of all three 
forces has a magnitude of 20 Ib. 





F, is minimum : 


A = 20-|F +B 


F+k = (s + 10(2))i+ (10(=))s = 1li+8j 


IR + R| = IFF = 3.001b 


a? 
ĝ = an“ (—) = 36:0° Ags 


Thus 





(Fein = 20 - 13.601 = 6.40 bb Ans 
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e2-141. Resolve the 250-N force into components acting 
along the u and v axes and determine the magnitudes of 
these components. 


250 F, 


sin 120° sin 40° ` R = 18N ran 


250 F, 


me am 2 F, = 98.7N Ans 


2-142. Cable AB exerts a force of 80 N on the end of the 
3-m-long boom OA. Determine the magnitude of the 
projection of this force along the boom. 


Vector Analysis : 


F = 80 s) a0 (-- SS - 2 y+ 5) 
ran 5 5 5 


= -241- 41.57] + 4k 
uso = — cosO i — sin6O’j = - 0.51 - 0.866) 


Rea =E- uio = (~ 24) (-0.5) + (— 41.57) (— 0.866) +(64)0 = 48.0N 





Scalar Anaysis : 


Angle OAB = ua! (3) = 53.13 


Proj F = 80 cos 53.13° = 48.0 N Ans 
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2-143. The three supporting cables exert the forces shown 
on the sign. Represent each force as a Cartesian vector. 




















Unu Vector: 


Vector: 
Fag = {(O— 5)i+(2-0)j+ (3-0) k} m= {-5i+2j+3k} m Force Vector 


tap = V(~5)* +22 +3? = 6,164 m "Ky = Fay, = 400{-0.8111i +0,3244j +0.4867k} N 
Taa  ~Si+2j+3k = {-324,44i + 129.78} + 194.67k} N 


a —0.8111i + 0.3244j + 0.4867k = {—324i + 130j+ 195k} N Ans 





ne: {(0—5)i +(-2-0)j+(3-0)k} m= {-5i —2j+ 3k} m F- = Fouis = 400 {0.811 li = 0.3244] +0. 4867k} N 
= {-324.44i — 129.78j+ 194.67k} N 
fac F VOS +(-2)? +32 = 6.164 m ii a a N } Ans 
r -5i - 2) + 3k 
c= == LAR ln = -0.811 li —0.3244j + 0.4867k 
Tne 6164 F; = Fetipg = 350{-0.5547i +0.8321k} N 
= {=194.15i + 291.22k} N 
roe = {(0-2)i+(0-0)j+(3-0)k} m= {-21+3k} m = {-194i+291k} N Ans 
Foe = ¥(-2)? + P = 3.605 m 
= EDE _ 7+ - 
Une Tok 4.605 0.55471 +0.8321k 
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e3-1. Determine the force in each cord for equilibrium of - 2m - 
the 200-kg crate. Cord BC remains horizontal due to the 
roller at C, and AB has a length of 1.5 m. Set y = 0.75 m. 























TTEN 


Geometry: From the geometry of the figure, 
0 = sor( 273) 30° 
1.5 


Equations of Equilibrium: Applying the equations of equilibrium to the free - body diagram in Fig. (a), 
+TIF, =Q Fgq sin30°—200(9.81)=0  Fpą = 3924N =3.92KN 


OE 


+ OF, = 0; 3924 cos 30° — Far = 0 Fpc = 3398.28 N = 3.40 KN 
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3-2. Ifthe 1.5-m-long cord AB can withstand a maximum 
force of 3500 N, determine the force in cord BC and the 
distance y so that the 200-kg crate can be supported. 











Equations of Equilibriam: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a), 


+T =F, = 0, 3500 sin@ — 200(9.81) = 0 @ = 34.10° 
+ EF, = 0; 3500 cos 34.10°— Far = 0 Fpc = 2898.37N = 2.90kN Ans. 


y = 1.5sin34.10° = 0.841 m = 841mm Ans. 





200(961) 
(A) 
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3-3. Ifthe mass of the girder is 3 Mg and its center of mass 
is located at point G, determine the tension developed in fa 
cables AB, BC, and BD for equilibrium. A 
B 
45° 30° 
C D 











Equations of Equilibrium: The girder is suspended from cable AB. In order to meet the conditions of 
equilibrium the tensile force developed in cable AB must be equal to the weight of the girder. Thus, 
Fag = 30009.81) = 29 430 N = 29.43 KN =29.4kN Ans. 


Applying the equations of equilibrium along thex and y axes to the free - body diagram in Fig. (a), 
ese 0: Fgp sin30°— Fp sin45° = 0 (1) 
+ TIF =Q 29.43— Fgp cos30° — Far cos45° = 0 (2) 


Solving Eqs. (1) and (2), yields 
Far = 15.2 KN Fgp = 21.5 kN Ans, 
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*3—4. If cables BD and BC can withstand a maximum 

tensile force of 20 kN, determine the maximum mass of the fea 
girder that can be suspended from cable AB so that neither A 
cable will fail. The center of mass of the girder is located at 

point G. B 











Equations of Equilibrium: The girder is suspended from cable AB. In order to meet the conditions of 
equilibrium the tensile force developed in cable AB must be equal to the weight of the girder. Thus, 
Fag = m(9.81)= 9.81m Ans. 


Applying the equations of equilibrium along the.x and yaxes to the free - body diagram in Fig. (a), 


* IF, = 0; Fpp sin30° — Fp sin45° = 0 
Fgp = 1.4142F pr (1) 
+ TIF, =0, 9.81m — F pp cos 30° — Far cos 45° = 0 (2) 


Since Fpp > Fp , cable BD will break before cable BC. Substituting Fpp = 20 000 N into Eq. (1), 
Fg = 14142.14N 


Substituting this result into Eq. (2), yields 
9.81m — 20 000 cos30° — 14 142.14c0s45° = 0 
m = 2 785 ke =2.78 Mg Ans, 
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e3-5. The members of a truss are connected to the gusset 
plate. If the forces are concurrent at point O, determine the 
magnitudes of F and T for equilibrium. Take 0 = 30°. 


=T cos 30° + § + Ssin 45° = 0 


T = 13.32 = 13.3 kN Ans 


O; F = 13.32 5in30° — Scos 45° = 0 


F = 10.2kN Ans 


3-6. The gusset plate is subjected to the forces of four 
members. Determine the force in member B and its proper 
orientation 0 for equilibrium. The forces are concurrent at 


point O.Take F = 12 KN. 


+IF =0; 8-Tcos@+5sin45° = 0 
+T EF =0; 12-Tsin@ - 5cos45s° = 0 
Solving, 

T = 14.3 EN Ans 


6 = 363° Ang 
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3-7. The towing pendant AB is subjected to the force of 
50 KN exerted by a tugboat. Determine the force in each of 
the bridles, BC and BD, if the ship is moving forward with 
constant velocity. 





EF, 20; Tec sin? - Typ sin 20° = 0 
+T IF = 0; Tac cos 30° + Tao cos 20° - 50 =C 
Solving, 

Tec = 22.3%N Ans 


Tap = 32.6KN Ans 
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*3-8. Members AC and AB support the 300-lb crate. 
Determine the tensile force developed in each member. 





























Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a), 


. 3 
ror. = 0: Fag cos 45° — Fac(2)=0 (1) 
+ TIF, =0 Fag inás? +Fac( Ż)-300=0 (2) 
Solving Eqs. (1) and (2), yields 
Fac = 2141b Fag =1821b Ans. 
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e3-9. If members AC and AB can support a maximum 
tension of 300 lb and 250 lb, respectively, determine the i 3ft T 4ft - 
largest weight of the crate that can be safely supported. 
























\ 


M 








Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a), 
+ ° 3 
~, 2F, = 0; Fag cos45 - Fac(3)=0 (1) 
+Î EF, =0 Fag sin45°+Fac| +|-w =0 2 
y= as sindS*+Fac| = |-W = (2) 


Assuming that rod AB will break first, F4g = 250 lb. Substituting this value into Eqs. (1) and (2), 


Fac = 294.63 Ib 
W = 4121b os 


Since Fac = 294.631b < 300 Ib, rod AC will not break as assumed. 
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3-10. The members of a truss are connected to the gusset 
plate. If the forces are concurrent at point O, determine the 
magnitudes of F and T for equilibrium. Take 0 = 90°. 






¢= 9° - wa"'(=) = $3.13° 
+ 4 
SER = 0; Tove 53.13° - F(z) = 0 
| 3 
+T IR a0; 9- Tsin$3.13° - F (3) 20 


Solving, 


3-11. The gusset plate is subjected to the forces of three 
members. Determine the tension force in member C and its 
angle 0 for equilibrium. The forces are concurrent at point O. 
Take F = 8KN. 


SUF, = 0; Toos o - 8(3) 0 «) 


+T ER =0: 9-8(2)- Tsing =0 (2) 


Rearrange then divide Eq. (1) into Eq. (2): 
tn è = 0.656, ¢ = 33.27° 


T = 7.66KN Ags 


"EEE: aa“ (3) = 70.1° Ams 
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*3-12. If block B weighs 200 Ib and block C weighs 100 Ib, 
determine the required weight of block D and the angle 0 
for equilibrium. 











Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the 
free- body diagram shown in Fig. (a), 


+ IF, =0; 100cos 30° — 200cos@ = 0 
0 = 64.34° = 64.3° Ans. 


Using this result and writing the equation of equilibrium along the yaxis, yields 
+ TIF, =Q 100sin30° + 200sin 64.34° - Wp = 0 
Wp = 230 Ib Ans. 
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e3-13. If block D weighs 300 lb and block B weighs 275 lb, 
determine the required weight of block C and the angle 0 
for equilibrium. 











Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the 
free- body diagram shown in Fig. (2), 


+, =F, = 0; We cos 30° —275cas 0 = 0 (1) 
+ TIF, =0, Wc sin 30° + 275sin 6 —300 = 0 (2) 


Solving Eqs. (1) and (2), yields 
0 = 40,9° We = 240 Ib Ans. 





Mb=300 /b 
(A) 
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3-14. Determine the stretch in springs AC and AB for 
equilibrium of the 2-kg block. The springs are shown in 
the equilibrium position. 








Fp = 2(9.81) = x4p(40) 











EF = 0; 


+T IE =0; 











3-15. The unstretched length of spring AB is 3 m. If the ——3 m Je 4m - 
block is held in the equilibrium position shown, determine 


the mass of the block at D. 








F = kx = 30(5 -3)= 60N 


+ EF, = 0; Toos45° — 6$) = 0 
T = 67.88N 





+ TER, =0 -W +67.88sin 45° + 60($)= 0 
W = 84N 
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*3-16. Determine the tension developed in wires CA and 
CB required for equilibrium of the 10-kg cylinder. Take 
0 = 40°. 








Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the 
free- body diagram shown in Fig. (a), 


Ł IF, = 0; Fog cos40°- Fy cos 30°= 0 (1) 
+TIF, =Q Fog sin40° + Fo, sin30°- 1009.81) =0 (2) 


Solving Eqs. (1) and (2), yields 
Fo, = 80.0N Fœ = 90.4N Ans. 





(0CG-B1) N 
(A) 
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e3-17. If cable CB is subjected to a tension that is twice 
that of cable CA, determine the angle 6 for equilibrium of 
the 10-kg cylinder. Also, what are the tensions in wires CA 
and CB? 








Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes, 


t IF, = 0; FoR cos@ — Ky cos 30° =0 (1) 
+T EF, = 0, Fep sin@ + Fr, sin30° —10(9.81) = 0 (2) 


However, it is required that 
Fog = 2ta (3) 


Solving Egs. (1) and (2), yields 
@ = 64.3° Fon = 85.2N Foy = 42.6N Ans. 






| 
| 
| 
1044-81) N 
(A) 
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3-18. Determine the forces in cables AC and AB needed 
to hold the 20-kg ball D in equilibrium. Take F = 300 N 
and d = 1m. 














Equations of Equilibrium : 


tare mali aft 


06247F,, +0.8944F, ç = 300 (1) 


5 l 
+ TIEF =0: F| me |+ F| SH |- 196.2=0 
f i a) (7) 


0.7809F,, +0.4472F,¢ = 196.2 [2] 


Solving Eqs. [1] and [2] yields 





Fa =98.6N Kye =267N Ans 


20(9B1) 21962 N 
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3-19. ‘The ball D has a mass of 20 kg. Ifa force of F = 100 N 
is applied horizontally to the ring at A, determine the 
dimension d so that the force in cable AC is zero. 

















Equations of Equilibrium : ; 
Fag 
JEF =0; 100-F,,cos0=0  F,,cos 6= 100 (1) 
G | 
+TEF=0; Fysin@-196.2=0  Fysin O= 1962 (2) ee 
Solving Eqs.[1] and [2] yields 
= F.,=220.21N 
— 2 20981) 1962 N 
From the geometry, 


d+ 1.5 = 2tan 62.99° 
d=27.42m Ans 
AWS 
562.99" 
am 
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*3-20. Determine the tension developed in each wire 
used to support the 50-kg chandelier. 


Equations of Equilibrium: First, we will apply the equations of equilibrium along the xand y axes to the 
free - body diagram of joint D shown in Fig. (a). 


+ =F, = 0; Fcp cos 30° — Fgp cos 45° = 0 (1) 
+TIF, =Q Fcp sin30° + Fgp sin45° — 50(9.81)=0 (2) 





Solving Eqs. (1) and (2), yields 
Fcp = 359N Fgp = 439.77N = 440N Ans. 


Using the result Fgp = 439.77 N and applying the equations of equilibrium along the xand y axes to the 
free - body diagram of joint B shown in Fig. (b), 


+ TIF, =Q Fag sin30° — 439.77sin 45° = 0 
Fan = 621.93N = 622N Ans. 

+, IF, = 0; Fac +439.77 cos 45° — 621.93 cos30° = 0 
Fac = 228N Ans. 





5009.81) N 


(2) (by 
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e3-21. If the tension developed in each of the four wires is 
not allowed to exceed 600 N, determine the maximum mass 
of the chandelier that can be supported. 


Equations of Equilibrium: First, we will apply the equation of equilibrium along the xand y axes to the 
free - body diagram of joint D shown in Fig. (a). 


+ EF, = 0; Fp cos 30° — Fgp cos 45° = 0 (1) 
+ TEF, =0, Fcp sin30° + Fgp sin45° — m(9.81)=0 (2) 





Solving Egs. (1) and (2), yields 
Fcp = 7.1814m Fgp = 8.7954m 


Using the result Fgp = 8.7954m and applying the equation of equilibrium along the x and y axes to the 
free - body diagram of joint B shown in Fig. (b), 


+ TIF =Q Fag sin30° — 8.7954 msin45° = 0 
Fag = 12.4386m 
+, EF, = 0; Fac +8.7954m cos 45° — 12.4386m cos 30° = 0 
Fac = 4.5528m 


From this result, notice that cable AB is subjected to the greatest tensile force. Thus, it will achieve the 
maximum allowable tensile force first. 

Fag = 600 = 12.4386m 

m = 48.2 kg Ans. 
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™3-22. A vertical force P = 10 Ib is applied to the ends of i 2 ft j Za j 
the 2-ft cord AB and spring AC. If the spring has an j ; 
unstretched length of 2 ft, determine the angle 0 for PROCS x 
equilibrium. Take k = 15 lb/ft. | NU | "i n 
oh 
k 





IF, = 0; ' F cos@ - Teos@= 0 (1) T 3 Fs 
+T IF = 0; Tsin@ + F, sing- 10= 0 @) l 
, do 
s = VF + (2)?-2(4)(2)cosOg: 275-4c0s6 ~A it 
-pz A 


F, = ks = 2k 5-4cos0 —1) 
Jtait . a(a-tase) 
Pa, a, 


From Eq. (1): r= R(=) ee 


| Isap 
‘2-cos@ l 

T= 2(,/5- -1j -< | — y 

( 4cos@ NS (as) tan 6) ./5—4cos8 -1) 10 
From Eq. (2): | : (S-4emd A 
2 /5=Ae0s6 -1)(2-cos8) 5~4c086 ~1}2sin 0 = 
i a Se = 10 

/5-4cos@ 5—4c0s8 Solving for 9 by trial and error, 


8 = 35.0° „Ans 


{5—4c0s0 -1) 
¥5—4cos6 


- 10 
tan — sn@ + sin) = — 
(2 ) T 
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3-23. Determine the unstretched length of spring AC if a 
force P = 80 lb causes the angle 0 = 60° for equilibrium. 
Cord AB is 2 ft long. Take k = 50 lb/ft. 





b= (@ FF - 2(2)(4) cos? 


44% 





+TIF, =0; Tsin60° + F sin30° - 80 = 0 


+ 
>I; = 0  —Tcos60" + F co30° = 0 





Solving for F,, gore 
F, = 40 lb 
F, = he 
[= JIZ- = 2.668 Ans. 
40 = 50(//12 - r) 
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*3-24. If the bucket weighs 50 lb, determine the tension 
developed in each of the wires. 





Equations of Equilibrium: First, we will apply the equation of equilibrium along the xand y axes to the 
free- body diagram of joint E shown in Fig. (a). 


3 
+ OF, = 0; FED cos 30°—Fzp| $ |=0 (1) 
+ TF, = 0} Frep sn30°+ Fp $)-50=0 (2) 


Solving Eqs. (1) and (2), yields 
Frp = 30.2 Ib Fre = 43.61 1b = 43.6 Ib Ans, 


Using the result Fgg = 43.61 lb and applying the equation of equilibrium to the free - body diagram of joint B 
shown in Fig. (b), 


+ TIF =Q Fer sin30°- 43.6 $)=0 
Fac = 69.78 Ib = 69.8 Ib 8 Ans. 
LIF, = 0; 69.78 cos 30° +436 3] — Fp, =0 
Fra = 86.6 lb Ans. 
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e3-25. Determine the maximum weight of the bucket that 
the wire system can support so that no single wire develops 
a tension exceeding 100 lb. 





Equations of Equilibrium: First, we will apply the equations of equilibrium along the x and y axes to the 
free - body diagram of joint E shown in Fig. (a). 





* =F, = 0; Fep «30° -F ($)=0 (1) 
+ TER, =Q Fep sin30°+ Fea $)-w =0 (2) 


Solving, 
Fgg = 0.8723W Fgp = 0.6043W 


Using the result Fey = 0.8723W and applying the equations of equilibrium to the free - body diagram of joint B 


shown in Fig. (6), 
: 4 
+TEF, =Q Far sna- 0872W $ )=0 
Fc = 1.3957W 
t EF, =0; 13957W cos 30° rosraaw( 2). Fra =0 
Fp, =1.7320W 


From these results, notice that wire BA is subjected to the greatest tensile force. Thus, it will achieve 
the maximum allowable tensile force first. 
Fp, =100= 1.7320W 
W = 57.7 lb Ans. 
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3-26. Determine the tensions developed in wires CD, CB, 
and BA and the angle 0 required for equilibrium of the 
30-lb cylinder F and the 60-lb cylinder F. 








Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the 
free - body diagram of joint C shown in Fig. (a), 


t EF, = 0; Fage œs 0 -Frp cos 30°=0 (1) 
+ TF, = 0 -Fpr sin@ + Fep sin 30° —30 = 0 (2) 


By referring to the free - body diagram of joint Bin Fig. (b), 


=F, = 0; Fp, c0s45°— Fe cos =0 (3 
+ TIF, =Q Fra sin45°+ Fp sin@ -60 = 0 (4) 


Solving Eqs. (1) through (4), yields 


Fra = 80.7 1b Ans. 
Fcp = 65.9 1b Ans. 
Fac = 57.1 lb Ans. 
9 = 2.95° Ans. 





30 Ib GO Ib 
(A ) (6) 
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3-27. If cylinder E weighs 30 Ib and 0 = 15°, determine 
the weight of cylinder F. 





Equations of Equilibrium: First, we will apply the equation of equilibrium along the xand y axes to the 
free- body diagram of joint C shown in Fig. (a). 


+ =F, =0; Fgc 00s 15° Fp cos30° = 0 (1) 
+TIF, =Q Fop sin30° — Fpc sin15°-30=0 (2) 


Solving Eqs. (1) and (2), yields 
Fee = 100.38 Ib Fop = 111.96 Ib Ans, 


Using the result Fae = 100.38 lb and applying the equation of equilibrium along the x and y axes to the 
free- body diagram of joint B shown in Fig. (b), 


t EF = 0; Fra cos45° — 100.38 cos 15° = 0 
Fpa = 137.12 Ib Ans. 
+ TIF, =Q 137.12sin 45° + 100.38 sin 15° - Wp = 0 
Wr = 123 Ib Ans. 







Fea 
Fec=/00:36 lb 





30 Ib 
(QA) (2) 
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*3-28. Two spheres A and B have an equal mass and are 
electrostatically charged such that the repulsive force acting 
between them has a magnitude of 20 mN and is directed 
along line AB. Determine the angle 0, the tension in cords 
AC and BC, and the mass m of each sphere. 





For B : 

İ EF =0; 0.02cos30° - T sin 30° = 0 

+T EF =0, 0.02sin30° + Ta cos 30° - W = 0 
Ty = 0.0346N = 34.6mN Ans 
W = 0.04N 

Ford.: 

EK =0; sin @ — 0.02 cos 30° = 0 


+Î EF; =0; T, cos 6 — 0.02 sin 30° - 0.04 = 0 


T, = 0.0529N = 529mN Ans 


ð = 19.1° Ans 


= — = — = 408(10°)kg = 4.08g | Ans 
m PTY (10) kg B 


e3-29. The cords BCA and CD can each support a 
maximum load of 100 Ib. Determine the maximum weight 
of the crate that can be hoisted at constant velocity and the 
angle 0 for equilibrium. Neglect the size of the smooth 
pulley at C. 
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3-30. The springs on the rope assembly are originally 
unstretched when 0 = 0°. Determine the tension in each 
rope when F = 90 lb. Neglect the size of the pulleys at B 
and D. 








2 


[a =— 


cos 
T= kx= Kb) = 30( 5 ~2}= 60-1] (1) = 2ft 


+TEF, =0; 27sind-90=0 (2) 
Substituting Eq.(1) into (2) yields : 
120(tan6—sin8)-90 = 0 

wag —=sing =0.75 

By trial and error : 

@ = 57.957 


From Eq.(1), 


l 
T= (yr ~1) 953.1 0 Ap 
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3-31. The springs on the rope assembly are originally 
stretched 1 ft when 0 = 0°. Determine the vertical force F 
that must be applied so that 0 = 30°. 








BA = = LJH hf 





2 
cos 30° 
When @ = 30°, the springs are stretched 1 ft + (2.3094 ~ 2) ft = 1.3094 R 
F, = kx = 30(1.3094) = 39.28 Ib 
+TIF =0; 2(39.28) sm3°-F = 0 


F = 39.3 1b Ans 
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*3-32. Determine the magnitude and direction 6 of the 
equilibrium force F4g exerted along link AB by the tractive 
apparatus shown. The suspended mass is 10 kg. Neglect the 
size of the pulley at A. 








Free Body Diagram : The tension in the cord is the same throughout the 
cord, that is 10(9.81) = 9.81 N. 


Equations of Equilibrium: | 109-81) 2961 8 





SEF =0;  F,,00s0-98.1cos 75° -98.1cos 45° = 0 
F,,00s0 = 94.757 (1) 
+TEF =0; 98.1sin 75°~98.1sin 45°- F, sin 0=0 
F, asin 8 = 25.390 [2] 
Solving Egs. [1] and [2] yields 10C9-B1)=9E:1N 
0=15.0° Fa, =98.1N Ans 
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e3-33. The wire forms a loop and passes over the small 
pulleys at A, B, C, and D. If its end is subjected to a force of 
P = 50 N, determine the force in the wire and the 
magnitude of the resultant force that the wire exerts on 


each of the pulleys. 


+Î EF, =0; 2(Tcos 30°) - 50 = 0 
T = 28.868 = 28.9N Ags 
For A and D: 
Fp, = EF; Fay = 28.868 sin 30° = 14.43N 
Fa, = ZF; Fry = 28.868 — 28.868 cos 30° = 3.868 N 
Fa = (14.43) + (3.868) = 14.9N (AandD) Ans 


For 8 and C: 


Fa = ¥(28.868) + (28.8687 = 40.8 N (BandC) Ans 
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3-34. The wire forms a loop and passes over the small 
pulleys at A, B, C, and D. If the maximum resultant force that 
the wire can exert on each pulley is 120 N, determine the 
greatest force P that can be applied to the wire as shown. 


+TIFR = 0; 2730 -Pa0; T= OST735P 
Maximum resultant force is resisted by pulleys B and C. 

Fa = (0.57735 PY + (0.57735 PY 

Fy = 0.8165 P = 120 


P = 147N Ans 
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3-35. The picture has a weight of 10 lb and is to be hung 
over the smooth pin B. If a string is attached to the frame at 
points A and C, and the maximum force the string can 
support is 15 lb, determine the shortest string that can be 
safely used. 








Free Body Diagram : Since the pin is smooth, the tension force in 
the cord is the same throughout the cord. 


Equations of Equilibrium : 


Š EF =0; Tcosô-Tcos0=0 (Satisfied!) 


5 
+TIF=0; 10-2Tsn@=0 T=— 
7 sin @ 


If tension in the cord cannot exceed 15 Ib, then 


5 
— = 15 
sin 6 
@ = 19.47° 


I 9 
From the geometry, T and @ = 19.47°. Therefore 





18 


= mman © |9] in Ans 
mise 


l 


151 








3 Solutions 44918 1/21/09 4:25 PM Page 152 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*3—-36. The 200-lb uniform tank is suspended by means of 
a 6-ft-long cable, which is attached to the sides of the tank 
and passes over the small pulley located at O. If the cable 
can be attached at either points A and B or C and D, 
determine which attachment produces the least amount of 
tension in the cable. What is this tension? 





Free Body Diagram : By observation, the force F has to support the 
entire weight of the tank. Thus, F = 200 ib. The tension in cable is the same 
throughout the cable. 


Equations of Equilibrium : 


EF =0; Toos@-Toos@=0 (Satisfied!) 





+TIF=0; 200-27sin @=0 inad [1] 
sin ð 


From the function obtained above, one realizes that in order to produce the 


least amount of tension in the cable, sin @ hence @ must be as great as att 
possible. Since the attachment of the table to point C and D produces a 7 
greaterð ( @ = cos”'} = 70.53°) as compared to the attachment of the cable 
to points A and B( @ = cos”'} = 48,19°) s vat 
The attachment of the cable to point C and D will produce 
the least amount of tension in the cable. Ans 
Ift 

Thus, Wot 

T = 106 Ib | 

sin 70.53° | i 3i 
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eE3_—37. The 10-lb weight is supported by the cord AC and 
roller and by the spring that has a stiffness of k = 10 lb/in. 
and an unstretched length of 12 in. Determine the distance 
d to where the weight is located when it is in equilibrium. 











fs 


Tre Qo. 


IF =0; -Ne+F cos 920 

+TIF =O Fsin@- 1020 

F, = kx; F, = 10(—, - 12) 
cos @ 


= 120 (sec 6 = 1) 


as 10 Ib 


120 (sec @ - l) sin @ = 10 


, l 
(an 0- sin) = -3 





@ = 30.71" 


d= 12 tan 30.71° = 7.13 in. Ans 
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3-38. The 10-lb weight is supported by the cord AC and 
roller and by a spring. If the spring has an unstretched 
length of 8 in. and the weight is in equilibrium when 
d = 4in., determine the stiffness k of the spring. 











A 


+T EF =0; F sinô- 1020 Tac 
12 x 


Rake: Es —- 8) 
cos @ 


4 
@=—: @ 4} 
tn 2 = 18.433" 


Thus, 


10 Ib 


12 
k D a i i 
( 18.435° 8) sin 18.435° = 10 


k = 6.80 lb/in. Ans 7 
12 jn. 
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3-39. A “scale” is constructed with a 4-ft-long cord and 
the 10-lb block D. The cord is fixed to a pin at A and passes 
over two small pulleys at B and C. Determine the weight of 
the suspended block at B if the system is in equilibrium. 


Free Body Diagram : The tension force in the cord is the same throughout 
the cord, that is 10 lb. From the geometry, 


@= sin" (=) = 23,58°, 


Equations of Equilibrium : 
Ž EF, =0;  10sin 23.58°-10sin23.58°=0 (Satisfied!) 


+TEE =0;  2(10)cos 23.58°- Wg =0 


e*3-40. The spring has a stiffness of k = 800 N/m and an 
unstretched length of 200 mm. Determine the force in cables 
BC and BD when the spring is held in the position shown. 


The Force in The Spring : The spring stretches s = 1- h = 0.5-0.2 
= 0.3 m. Applying Eq.3 ~2, we have 





Ep = ks = 800(0.3) = 240 N 





Equations of Equilibrium : 





IF =0; F-cos 45°+ Fyo(z)-240=0 


+ TIE =0; facsin 45° ~Fyp(z)=0 
Fac = 0.8485 Fgp 
Solving Eqs.[1] and [2] yields, 


Fon =171N = Foe = 145N 
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e341. A continuous cable of total length 4 m is wrapped 
around the small pulleys at A, B, C, and D. If each spring is 
stretched 300 mm, determine the mass m of each block. 
Neglect the weight of the pulleys and cords. The springs are 
unstretched when d = 2 m. 





F, =kg F =500(0.3)=150N 
At A: 
+T ER =0; -150+27Tsn@= 0 


75 
sin @ a) 


Note that when @ = 90°, the springs are unstretched 
and the tension in the cord is zero. When the springs are stretched 
300 mm = 0.3 m, then d = (2 — 2(0.3)) = 1.4m 


6 = sin (=) = 44,4° 


From Eq. (1), T = 107.1 N 


—2 (107. 1) cos 44.4° + m (9.81) = 0 


m=15.6kg Ans 


3-42. Determine the mass of each of the two cylinders if 
they cause a sag of s = 0.5m when suspended from the 
rings at A and B. Note that s = 0 when the cylinders are 
removed. 














Tic = 100 N/m (2.828 — 2.5) = 32.84 N 
+ÎT EF, =0; 32.84 sin 45° —m(9.81) =0 


m=2.37kg Ans 
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e3—43. The pail and its contents have a mass of 60 kg. If the 
cable BAC is 15 m long, determine the distance y to the 
pulley at A for equilibrium. Neglect the size of the pulley. 























Dividing both sides of Eq. [3] by yx? + y? yields 


Free Body Diagram : Since the pulley is smooth, the tension 
in the cable is the same throughout the cable. 


Equations of Equilibrium : 
IR =0; Tsind-Tsing=0 0=¢ 


From Eq. [1] 


Geometry : 








 =¥(10-x)*+(y-2)?> h = xt +y? Equating Eq. HYand [5] yields 


Since @ = @, two triangles are similar. 


10—x 
x 





=i = 
y 


yx? +y? 
L+h =15 
4 (10-x)? +(y-2)?+ fz? +y2 = 15 


2 1 
| Yann Vaoaro as Jary =s 
x 


Also, 





f(10-x)? + -2)? l0=-x 
y0- +2)" ——, Eq.(2] becomes 


However, from Eq.(1] TETE. 





yx? ra( ==) yx +y? =15 


= 


2 {(10-x)?+(y-2)? 
(10—x)*+(y-2) [1] 


[3] 
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15 

l x= Oby [4] 
fx? +y2 
y-2 sy 

P y-1 [5] 

sy 

0. Se 

¥ 0.8y e 

y=6.59 m Ans 
ið-x 





60981) = 588.6N 
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1.5m -A 


e*3—44. A scale is constructed using the 10-kg mass, the i 
2-kg pan P, and the pulley and cord arrangement. Cord 
BCA is 2 m long. If s = 0.75 m, determine the mass D in the 


pan. Neglect the size of the pulley. 














IF =0;  98.lcosð-Tscosġ=0 (1) Thus, 
+TEIF, =0; TMesing+98.lsind-m(9.81)=0 (2) pasir (11383). ese 
(L.5¥ o2+y¥ 
Basin! (=) = 65.38° 
(1.257 = (1.5-2" +y L. 


(1.25)? = (1.5-2 +(1.5 -7# Solving Eq. (1) and (2), 


= 62,62 N 
-3x+2.9375 30 ae 
zu 0.9792 m os 
y= 1.1363 m 


mp = 13.9kg-2kg=11.9kg Ans 
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e3—45. Determine the tension in the cables in order to 
support the 100-kg crate in the equilibrium position shown. 





Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 
Fag = Fapi 
Fac =-Faci 


Pe a al a) Bal ak I A -=Fypi+<Fapit =Fapk 


Fap = Fap = |=-4 
{-2- 0)? +(2- 0)? +(1-0)? 


W =[-100(9.81)k]N =[-981k]N 


Equations of Equilibrium: Equilibrium requires 
ZF=0; Fag+Fac +Fap +W=0 


2 2 l 
FAB iFa D-2 Fapi + zapit? Fapk ) +9811 = 0 


[Fas - 3 Fan }+{ ~Fac +2 rap E -981k = 0 


Equating the i, j, and k components yields 


Ëp -$ Fap =0 (1) 
-Fac +2 Fp =0 (2) 
= Fap ~ 981=0 (3) 


Solving Eqs. (1) through (3) yields 
Fan = 2943 N = 2.94 kN 
Fup = Fac =1962N=\.96KN 


a 





W=/00(9-B1) N 


(2) 
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3-46. Determine the maximum mass of the crate so that the 
tension developed in any cable does not exceeded 3 KN. 





Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 


Fup = Fag! 

Fac =-Facj 

TEEN JO PE minia ORO OK OE lene hilt Flt chk 
d-2- 0 +(2- 0)? +1 - 0) 3 3 3 

W =[-m98)k] 


Equations of Equilibrium: Equilibrium requires 
ZF=0; Fag +Fac +Fap+W =0 


Fasit Faci) +- avis = Fait Fapk | +[-m980k]= 0 
2 2 _ fl, 
(Fas - 3 TAD }+{ ~Fac + 3 FAD jie( Fan ~ osim fe = 0 


Equating the i, j, and k components yields 


Fag — = Fap =0 (1) 
-Fy +5 Fp =0 (2) 
= Fab - 98m =0 (3) 


When cable AD is subjected to maximum tension, Fap = 3000 N. Thus, by substituting this value into Eqs. (1) through 


(3), we have 
Fag = Fac = 2000N 
m =102 kg Ans. 





W=/NG-B1) 
(2) 
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3-47. The shear leg derrick is used to haul the 200-kg net of 
fish onto the dock. Determine the compressive force along 
each of the legs AB and CB and the tension in the winch 
cable DB. Assume the force in each leg acts along its axis. 














Bas = Fas (-Ž1+ 2) + $n) p SOM 


Am 


= — 0.3333 Fa i + 0.6667 F,» j + 0.6667 Fay k 


Fos = Fes (ž1+$j+ $k) 


= 0.3333 Foa 1 + 0.6667 Fop j + 0.6667 Fos k 


9.6 4 
Fao = 10.4! 10.4 z 
= = 0.9231 Fpp j — 0.3846 Fpp k 


W z - 1962k 





ZF, 20; = 0.3333 Fy, + 0.3333 Fog = 0 

LF, = 0; 0.6667 Fia + 0.6667 Fos — 0.9231 Fip 2 0 

EF, =0; 0.6667 F,s + 0.6667 Fep — 0.3846 Fap - 1962 = 0 
Fas = 2.52 KN Ans 
Fop = L52kN = Ans 


Fio = 3.64 kN Ans 
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*3-48. Determine the tension developed in cables AB, AC, 
and AD required for equilibrium of the 300-Ib crate. 














Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 


(-2—O'+(1—-0)j+(2-OK |_ me Pipl + try ft Fk 


{-2- 0)” +- 0)? +(2-0)" ? 3 3 


igs eis eR E AE Bi Vee ik 
d-2- 0)? +(-2-0)? +(1-09° 3 3 3 

Fap = FApi 

W =[-300k] Ib 


Equations of Equilibrium: Equilibrium requires 
ZF=0; Fap+Fac +Fapn +W =0 


2 l 2 | 2 2 1 
[ZF Sasi SF gk} +{ -2 Fac i- zacit; Fick) +a i+(-—300k) = 0 


E- 2 l 2 A. 


Equating the i, }, and k components yields 


-Ż Fag - 3 Fac + Fan =0 (1) 

Lf ee (2) 

ge ge 

2 l 

= Fas +5Fac -300=0 (3 


Solving Egs. (1) through (3) yields 


Fag = 3601b Ans. 
Fac = 1801b Ans. 
Fap = 360 Ib Ans. 
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e3-49. Determine the maximum weight of the crate so that 
the tension developed in any cable does not exceed 450 lb. 














Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 


Kan © Fin |i UO h ad =~ 5 Fapit 3Faph+—Fapk 
d (-2- 0)? +(1- 0)? +(2-0) 

Fac = Fac es i a ol wid Pod Rie Fok 
d-2- 0)? +(-2-0 +a-0)7 | 3 3 3 

Fap = Fapi 

W = -Wk 


Equations of Equilibrium: Equilibrium requires 
IF=0;, Fag+tFaąc +Fap+tW=0 .- 


2 l 2 2 2 l 
-=F agit = ABI+—F apk +| -= Faci- = Fac j+— Pack +Fapi+(-Wk)=0 
3 3 3 3 3 3 
2 2 l 2 2 l 
——F ap -= Fac + Fap +| —Fap -= Fac lj+| Fag +F -Wik=0 
( 3 3 } (4 3 } i; 3 ) 


Equating the i, j, and k components yields 


-Ž Fag - 2 Fx + Fan =0 (1) 

apn ars at (2) 

3 AB 3 AC 

2 |l 

5 TAB toI -W=0 (3) 


Let us assume that cable AB achieves maximum tension first. Substituting F4g = 450 lb into Eqs. (1) through (3) and solving, 
yields 


Fac = 225 1b Fap = 450 Ib 
W = 375 Ib Ans. 


Since Far = 225 lb < 450 lb, our assumption is correct. 
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3-50. Determine the force in each cable needed to z 
support the 3500-lb platform. Set d = 2 ft. 


3500 Ib 








Cartesian Vector Notation: 


di = 3) — 10k | | 


Je +(-3)? +(-10)? 


Bef, [Bate enea oazre-osorek 


“| 22+32-+(-10)? 


—4i + lj- 10k | 
Fo =F, = —0.3698F, pi + 0.09245F, pj- 0.9245F, pk 
AD of a AD A A 


F = {3500k} Ib 


ow! 


Equations of Equilibrium: 
LF =0; Fia tE,ct Rip + F =0 


(0.3578F,, +0.1881F,¢ -0.3698F, p) i + (-0.2683F, a + 0.2822F, c +0.09245F, 5) j 
+(-0.8944F, p - 0.9407F, c - 0.9245F,p + 3500) k = 0 


Equating i, j and k components, we have 





0.3578F, 5 +0.1881F,¢ -0.3698F,p =0 (1) 
~0.2683F,, +0.2822F, - +0.09245F,p = 0 [2] 
= 0.8944F, p -0.9407F, ¢ -0.9245F, p +3500 = 0 (3] 


Solving Eqs.{1J, [2] and [3] yields 


F, „ = 1369.59 Ib = 1.37 kip Fc =744.111b=0.744 kip Ans 
F, p = 1703.62 lb = 1,70 kip Ans 
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3-51. Determine the force in each cable needed to 
support the 3500-lb platform. Set d = 4 ft. 








Cartesian Vector Notation: 


4i - 3-10 


F.a = Fal = 
~ | 


)- 0.3578F, pi —0.2683F, pj - 0.8944F, pk 


3j- 10k 


PoF =0.2873F, -j -0.9578F, -k 
A ie pores) acd ac 


—4i + lj- 10k 


FaF 
mE of 


F = {3500k} Ib 





|; —0.3698F, pi + 0.09245F, pj- 0.9245F, pk 


Equations of Equilibrium ; 
2F=0; 0 ys thy ct+E,p+F =0 


(0.3578F,, —0.3698F, p) i +(-0.2683F, s +0.2873F,- +0.09245F,p)j 
+(—0.8944F, a - 0.9578F,- — 0.9245F, p +3500)k = 0 


Equating i, j and k components, we have 


0.3578F,, -0.3698F,p = 0 (1) 
- 0.2683F, , +0.2873F, c +0.09245F,, = 0 (2) 
- 0.8944F, p -0.9578F, ç - 0.9245F, p +3500 =0 [3] 


Solving Egs. [1], [2] and [3] yields 





Fa = 1467.42 lb = 1.47 kip Fc = 913.53 lb=O0.914 kip Ans 
Fp = 1419.69 lb = 1.42 kip Ans 
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*3-52. Determine the force in each of the three cables 
needed to lift the tractor which has a mass of 8 Mg. 


Cartesian Vector Notation : 








(2 +(—1.25)? + (-3)? 


24 - 1.25j- 3k 
Fs srol j Josoug-asz765)-07861F 8 


2i + 1.25j-3k 


F, =F arare a a 
= aren 


)- 0.5241F, ci +0.3276F, cj- 0.7861F, ck 





-li-3k 
= ~0.3162F, pi - 0.9487F, pk 


Fp = hol os 
F = {78.48k} kN 
Equations of Equilibrium : 
IF=0; EygtEyct+Ept+F =0 


(0.5241F,, +0.5241F, c ~0.3162F, p)i+(—0.3276F,, +0.3276F,¢)J 
+(-0.786 LF,» — 0.7861F, ç ~ 0.9487F,p + 78.48) k = 0 


Equating i, j and k components, we have 


0.5241F, 5 +0.5241F,¢ -0.3162F,p =0 [1] 


—0.3276F, a +0.3276F,- =0 [2] 
~0.7861F, p —0.7861F ¢ -0.9487F,p + 78.48 =0 [3] 


Solving Eqs.[1], [2] and [3] yields 


Fig = Fie = 16.6 KN Fp = 55.2kN Ans 


FBCSOGBY = /E9B XN 
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3-53. Determine the force acting along the axis of each of 


the three struts needed to support the 500-kg block. 


3j+25 i 
iig a( 3.905 
= 0.7682 Fa j + 0.6402 F k 


0.751- 5J -2.5k 
ele 
= 0.1330 Fe i — 0.8865 Fe j ~ 0.4432 Fe k 


=- 1.251- 5j —==*) 


Fo = P| 5.728 


= —0.2182 Fp i - 0.8729 Fp J — 0.4364 Fp k 


W =-500(9.81) k = -4905 k 


EF = 0; F, + F- + Fp +W=0 

LF, = 0; 0.1330 Fe ~ 0.2182 Fp = 0 

LF, 20; 0.7682 Fy — 0.8865 Fe ~ 0.8729 Fp = 0 

LF, = 0; 0.6402 Fa — 0.4432 Fo — 0.4364 Fp - 4905 = 0 
Fa = 19.2KN Ans 
Fe = 10.4 kN Aus 
Fp = 6.32 kN Ans 








5D) ps 


CALAN foo Lo 


PEN EAN ENE 
— | e e e e e e, 








125M É 
0-15™ ies. 
LA Lasers 5” 
K Ke eom ~L 
wS 7" 
IO O Dal ~. 
A om |S ' 
LIM -RRE | 
L EA o 
Bon 1 
M SS 5001980) 
x 3m 
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3-54. Ifthe mass of the flowerpot is 50 kg, determine the 
tension developed in each wire for equilibrium. Set 
x = 1.5mandz = 2m. 














Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 
Fag = Fap i 
(2 -0)i+(-6-0)j+(3-0)k 2 


Fac = Fac Z= = 
(2-0? +(-6- 0)7+(3-0)7 | 7 


6 ne g 
Faci- — Fac j+—Fack 
AC 7 AC J 7 AC 


(1.5 -O)i+(-6- 0)j+(2-O)K | 3, ._ 12 . 4 


d-1.5-0)2+(6-0)2+2-0)7} 33 13 13 


W =[-50(9.81)k]N =[-490.5k]N 


Fap = Fap 


Equations of Equilibrium: Equilibrium requires 
=F = 0; Fag + Fac +Fan+w=0 


2 6 3 3 12 4 
Fap i+(Shaci-$Pacit shack)+{-2 Fapi- —Fapj+ = apk }+(-490.5) =0 





13 13 
2 3 i 6 IZ Wal 3 Be 7 
(žr 3 Fap i+ (Pas = Fac rp \i+( 3 hc + rap 190.5 k= 0 
Equating the i, j, and k components yields 
2 3 
= -a pte 
7 13/40 =0 a) 
6 12 
Fap -= Fac =- = Fip = 
AB fac T =9 (2) 
3 p Ep —490.5=0 (3) 
fee T ee 
Solving Eqs. (1) through (3) yields 
Fap =1211.82N =1.21 KN Ans. 
Fac = 606N Ans. 
Fap = 750N Ans. 
X W=50(4-BUN 
(a) 
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3-55. Ifthe mass of the flowerpot is 50 kg, determine the 
tension developed in each wire for equilibrium. Set x = 2 m 


and z = 1:5 m. 























Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 
Fag = Fag) 
he =F (2 -0O)i+ (-6 —0)j+(3-O)k = 3 Fyci- 2 Fac i+ Fuck 
Te -0 +(-6- 0)” +(3- 0)” 
(-2 ~0)i+(-6- 0)j+ (1.5— 0k 4 


(-2- 0)? +(-6 - 0)” +(1,5— 0)? 
W =[-50(9.81)k]N =[-490.5k]N 


Fap = Fap 





Equations of Equilibrium: Equilibrium requires 
EF=0; Fap+Fyc +Fap +W=0 


2 6 3 4 12 3 
Fap j+| —Faci-—Facj+ — Fuck |+| -— Fapi- — Fap j+ — Fapk |+(~490.5k) = 0 
AB J É Act 7 ACJ 7 AC l 13 ADI 13 ‘AD J 13 AD ( ) 


2 4 6 12 3 3 
PF ge ee age Ho Rae me Ree eek, Ss pe Bi — E Nee 
(2 M13 an) + ABT 7 AC 13 w i+(3 ac + 73 Pap 1905} s 


Equating the i, j, and k components yields 
2 


4 
7 fac -T3 AD a) 


l 6 12 
AB > 13 AD 0 (2) 


a Fac + Fap ~ 490.5 =0 (3) 


Solving Eqs. (1) through (3) yields 
Fag =1308N =1.31 KN Ans. 
Fac = 763N Ans. 
Fap = 708.5N Ans. 





“Sse, 


W= 50(G-B1)N 4 
CA) 
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*3-56. The ends of the three cables are attached to a ring 
at A and to the edge of a uniform 150-kg plate. Determine 
the tension in each of the cables for equilibrium. 


P = 150(9.81)k = 1471.5k 


4 6 12 
Fy a” i ej ue Iso(a.an)s jaz). A) 





6 4 Zee 
Fe = ~yqfei- Gy ei- ee 


4 6 12 
Fp = -gpi tgl gee 


| 4 6 4 
LF, = 0; — Fy - —F- - — Fp = 0 
we? ye" 


6 4 6 
a= aT oy be 


12 12 12 
-té Be l R om ER + ILS 
ae gt ee = 9 


ER = 0; 
Fa = 858N Ans 
Fe = 0 Ans 


Fp = 858 N Ans 


e3-57. The ends of the three cables are attached to a ring 
at A and to the edge of the uniform plate. Determine the 
largest mass the plate can have if each cable can support a 
maximum tension of 15 KN. 





W= Wk 


4 6 12 
B= F(Gl-Gd- a ) 


6 4 12 
Re = Fe(- Gia gk) 


4. 6. B 
ee im wk 
h = m ( ia'* 497 fa 


4 6. 4 
= . = -m — = 0 
iF, = 0; nm” Tih qP 


IF, =0; -ÉR 


4 6 
ee oe ee 
i4 nn = 


14 


12 12 12 Thus 
= = = = — = = Ww g . 
ii a T Bg aa gt 


12n nt, _ 
Assume Fy = 15 KN. Solving, -09-0-7309 + W=0 
Fo=0<15KN (OK) W=25.714kN 


Fp = 15kN (OK) W 25.714 
Ts oa 
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3-58. Determine the tension developed in cables AB, AC, 
and AD required for equilibrium of the 75-kg cylinder. y 


























Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 


Fip = Fag -C1005 -0j+ G- Ok =F yg ts yp + Sank 
d-i -0 +(1.5- 0)? +(3- 0)? 

Pe =F (-1— 0)i+(-2 —0)j+(2- 0k ad nget-2ee ehh 
Ta -07 +(-2- 0)? +(2- 0)? | 

Fan = Fan | Ga Dit 4-0 5+ (0— 0k 
AD = € AD | A 

(3— 0)* + (4 - 0)? + (0-0) 

W =[-75(9.81)k]N =[-735.75k]N 


3 4 
5 ADI api 





Equations of Equilibriam: Equilibrium requires 
LF = 0; Fap +Fac +Fan+W =0 


2 3 6 l 2 2 3 4 | 
-=F ipit = Fup i+ = Fan k |+| -= Fyri- [= Far j+t=Fi k |+| = Fani- =F +{-735.75k)= 0 
(2 apts 3 rap É rap }+( -E Fac Suc i+ 2c k |+( 2 Fa = Fapi}+( ) 

2 ] 3 | 3 2 4 6 2 
í 7 FAB -ZFA IREZ 3 FAC Fao | ($ra 3 FAC 73575 0 


Equating the i, j, and k components yields 


2 l 3 
-=F yp, -=F =Fin=0 (l 
7 TAB Z 3 FAC te ‘AD (1) 
3 2 4 
>F -=F - Fup =0 (2 
a fa ~ 3 fac EAD (2) 
Fa + Z Fac =- 735.75 = 0 (3) 


Solving Eqs. (1) through (3) yields 


Fan = 831N Ans. z 
Fac =35.6N Ans. 
Fap =415N Ans. 





lw =75CG81) N 
(a ) 
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3-59. If each cable can withstand a maximum tension of 
1000 N, determine the largest mass of the cylinder for 
equilibrium. 




















Force Vectors: We can express each of the forces on the free- body diagram shown in Fig. (a) in Cartesian vector form as 





Fap = Fap | LEAS 5+ B= OK | _ ETTET 
(-1-0)" +(1.5- 0)? +(3- 0)? E 

Far = Fyr CIOE- MLE A ey jake k 
(-1-0)? +(-2- 0)? +@2-0)7 | 3 3 3 

Fap = Fap Ozet 404+ 0-0 | 3p 4 
(3— 0)7 +(-4-0)7 +(0-0)7 | > 

W = -m(9.81)k 


Equations of Equilibrium: Equilibrium requires 
ZF=0; Fag +Fac +Fap +W =0 


2 3 6 l 2 2 3 4 ; 
—=F spit = Fan i+ — Fag k -== Fyrri- = j+=F = Fini- = i l+ [-m. = 
í q" aBi+ = Fagj+ 7 FAB i ri. irii E dts E trani} m(9.81)k] = 0 
2 l 3 3 2 4 6 2 
——=F ap -=F +—F gn \i+| =Fip -= Far -= —F ap |i+| — Fae += —m(9. = 
( J ARTIA T'S 10 | (2 ABW TACT S w )i+($ AB +3 Fac moa ji 0 
Equating the i, į and k components yields 
2 l 3 
— = — = += = 
= FAB 3TA 35 PAD 0 (l) 
3 2 4 
=F, — = F. -=F =0 
F AB FUAC ~ FAD (2) 
6 2 
= FAB EIA 7 MSS (3) 


Let us assume that cable AB achieves maximum tension first. Substituting Fap = 1000 N into Eqs. (1) through (3) and solving, 
yields 

Fup = 500N Fac = 42.86 

m = 90.3 kg Ans. 
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*3-60. The 50-kg pot is supported from A by the three 
cables. Determine the force acting in each cable for 


equilibrium. Take d = 2.5 m. 




















F= 50(961)2490- 5 N 


Cartesian Vector Notation: 


6i+2.5k 12 5 
Fis = fis 4 = jhsi+ — Fak 


JE+25 13 


—6i -2j+ 3k 6 2 3 
ae = | Jeet Fret nes 


(6)? + (=2)7+32) 7 


—6i + 2j+ 3k 6 2 3 
3j ) Roitzhojt3 apk Fic = Fp =312N 


tao = Tap Fon 9 


7 
F = {-490.5k} N 


Solving Eqs.[1}, [2] and [3] yields 


Equations of Equilibrium : Fp = 580 N Ans 


EF=0; Fyythict+ yp tF=0 


12 6 6 2 2 
(Sho -Fhc- zhi +h- act Fo Jj 


13 7 i 
5 3 
(5 uA +5 c+ shan - 4905 k= 0 


Equating i, j and k components, we have 


12 6 6 
5 as ~ ahac~ sha =0 (1) 
2 2 
ERER 2 
5 3 3 
yaaa thi +5 hp ~4905=0 [3] 
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e3-61. Determine the height d of cable AB so that the force 
in cables AD and AC is one-half as great as the force in 
cable AB. What is the force in each cable for this case? The 
flower pot has a mass of 50 kg. 


Cartesian Vector Notation: 


Fia = (Fa), i +(Fya), k 


| -6i - 2) + 3k |-4 


F,-3<— 
1e 2 [684-28 +32 
F, —6i + 25 + 3k 3 l 3 
P| tl be D is sh 
AD 2 ES fait; anit aak 
F = {-490.5k} N 
Equations of Equilibrium : 


IF=0; Fis+tFictEptF=0 
3 3 l l 
(Ea), Shia -3f )i+(-shia +a V 
3 3 
+ (Fie), + gho tigfa -490.5)k=0 


14 14 


Equating i, j and k components, we have 


3 3 6 
(Fa), -3a -3s =0 (Ña) = zfs (1) 
l l 
-35a tahun =0 (Satisfied!) 
3 3 
(aht hist Rs 4905=0 (Fa), =4905-= Fig (2) 


6. y a 
Fis = (shia) +(4905-5 Fis ) 
Solving for positive root, we have 


F,, = 519.79 N = 520 N Anz 
l 
Thus, Fic=Fip = 5 (519.79) = 260 N Ans 


Also, 
(Kus), = £ (519.79) = 445.53 N 
3 
(Fas), = 490.5 — = (519.79) = 267.73 N 
al (Aaa) x (E) 
then, @ = tan ie tan | 945.53 


d = 6tan 6 = 6tan 31.00° = 3.61 m 
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| Cs | 
Som, 3m 


F=50981)=490-5N 





3 Solutions 44918 1/21/09 4:25 PM Page 175 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


3-62. A force of F = 100 lb holds the 400-lb crate in Z 
equilibrium. Determine the coordinates (0, y, z) of point A 
if the tension in cords AC and AB is 700 lb each. 








| z= 

4-2) 

yi fia =700 l4 
sft 

4- pea A \F 


js 


S a 7 
N 
-yj+(4-z 4x h ` F=/00 Me 
fac = o| -Bizzie ttak. ) NS 


tu = 70 -5 i-y j+(4—-z)k x | W=400 IŁ fi 


(-SP-+{-yF + (4-2) 
F =(100j}b W = {—400 k} Ib 
3500 -3500 
LF, a0 e + z0 
(25+y~+(4—-2F StA- 375 psim 
=r 
LF, 20; =y + y +100 =0 (1) Thus, 
V25+y'+(4—2) /25+y2 + (4-2) 
. _ 1400 y = 1007/25 +y + 16 y 
IRo OUD, OED anno O i 
1400 y = 100425 + + (4-2) y=0.3737 ft=0.374f Ans 
1400(4~z) = 400y/25+ 2 + (4-2)? 4(0.3737)=4—z, z=25lft Ans 
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3-63. If the maximum allowable tension in cables AB and 
AC is 500 Ib, determine the maximum height z to which the 
200-Ib crate can be lifted. What horizontal force F must be 
applied? Take y = 8 ft. 


IF, =0; -2| so : +F20 W 
(P+ 844-2 

IF, =0; 2/500 iat. ||-2 +0 (2) 
(3+ 8+ (4-2) 


Dividing Eq. (2) by Eq. (1), 


4-z 200 
Bme =m 
8 F 
1600 
4- — 
(4-z)= F 5ft 
SLA 
From Eq. (1): A-Z ! > ae 
L `“ i 
8000 _ 1oy 
alow hadi ( F n 
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*3-64. The thin ring can be adjusted vertically between 
three equally long cables from which the 100-kg chandelier 
is suspended. If the ring remains in the horizontal plane and 
z = 600 mm, determine the tension in each cable. 











Geometry: Referring to the geometry of the free - body diagram shown in Fig. (a), the lengths of cables AB, AC, and AD are 


all = W052 +0.62 = 0.61 m 


Equations of Equilibriom: Equilibrium requires 


EF =Q Fao S| (HE | =0 Fay = Fac =F 


40.61 
ne ee 


Thus, cables AB, AC’, and AD all develop the same tension. 


( 06 
EF, =0; 3F| ——— |- 1009.81) = 0 
i A] 


Fag = Fac = Fap =426N Ans. 





009-B1)N 4 


a) 
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e3-65. The thin ring can be adjusted vertically between 
three equally long cables from which the 100-kg chandelier 
is suspended. If the ring remains in the horizontal plane and 
the tension in each cable is not allowed to exceed 1 kN, 
determine the smallest allowable distance z required for 
equilibrium. 








Geometry: Referring to the geometry of the free - body diagram shown in Fig. (a), the lengths of cables AB,AC, and AD are 


all! = 40.52 +22. 
Equations of Equilibrium: Equilibrium requires 


EF, =Q rol eae 0.5c0s 30° E PuPe aP 


hs +27 0.57427 
0.5 0.5sin30° 
IF, =Q Ay) ———— |- 7 |} | |=0 Fag =F 
7 
z +z? | | fo. +22 | 


Thus, cables AB,AC , and AD all develop the same tension. 


EF, =0; 3 S |- 100(9.81) = 0 
qos? +2? 


Cables AB, AC , and AD will also achieve maximum tension simultaneously. Substituting F = 1000 N, we obtain 





= 100(9.81) = 0 





/00 (9-81) N 
(2) 
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3—66. The bucket has a weight of 80 lb and is being hoisted 
using three springs, each having an unstretched length of 
l = 1.5 ft and stiffness of k = 50 lb/ft. Determine the 
vertical distance d from the rim to point A for equilibrium. 














LF, =0; v- L Jr 


Vai + (1.57 
3d 
80 - ray oes (vd? + (1.5% - 1.5)] = 0 


d 
a (fd? + (LSF = 1.5) = 0.5333 


dyd + (1.5 - 1.5d = 0.5333 yd? + (1.5% 
yd? + (1.5¥ (d - 0.5333) = 1.5d 


[d? + (1.5)"] [4? - 24 (0.5333) + (0.5333)" ] = (1.5)? d? 





d* = 1.067 d! + 0.284 d? -2.4d+ 0.64 = 0 


d= 16d Ans 
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3-67. Three cables are used to support a 900-Ib ring. z 
Determine the tension in each cable for equilibrium. 





Cartesian Vector Notation: 





3j- 4k 
F,, = F a| m |= 0.6F,,)]-—0.8F,,k 
AB al rs and nB 


3cos 30°i — 3sin 30°j - 4k ) 


E = p| -nn 
= e4 (3c0s 30°)? + (—3sin 30°)? + (—4)? 


= 0.5196F,-i-0.3F,¢j-0.8F, ck 





~3cos 30°i — 3sin 30°j - 4k 


F.a 2 E p| me 
da ol Sa 


= —0.5196F, pi — 0.37, pj — 0.87, pk 
F = {900k} lb 
Equations of Equilibrium : 
IF=0; FyathFyct+Fipt+F =0 


(0.5196F,¢ —0.5196F,p)i + (0.6F a -0.3%,¢ -0.3Fp)j 
+(-0.8F, -0.8F,¢ ~0.8F,p +900) k = 0 zZ 


Equating i, j and k components, we have 


0.5196F, c -0.5196F,p =0 [1 Goo Ib 
0.6F,, —0.3%,¢-0.3F,p =0 [2 n 
-0.8F a -0.8F,¢ -0.8F,p +900 = 0 (3 


Solving Egs.[1], [2] and [3] yields 
Fa = Fac = Fay = 375 Ib ian 
This problem also can be easily solved if one realizes that due to symmetry all cables are 
subjected to a same tensile force, that is Fa = Fc = Fp = F. Summing forces along z 
axis yields 
= z 
351030 ft 


Aft 
3ft 


EF =0; 900-3F(=)=0 F=375 lb 
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*3—68. The three outer blocks each have a mass of 2 kg, 
and the central block E has a mass of 3 kg. Determine the 
sag s for equilibrium of the system. 


T =T = Te = 2(981) 
LF, = 0; 3(2(9.81))cos y - 3 (9.81) = 0 
cay= 05; yu OF 


0.5 
ds — = 0.577 m 


0.577 
E = E 5 E 333 Ans 
s = 0.333 m mm 
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e3-69. Determine the angle 6 such that an equal force is 
developed in legs OB and OC. What is the force in each leg 
if the force is directed along the axis of each leg? The force 
F lies in the x—y plane. The supports at A, B, C can exert 
forces in either direction along the attached legs. 





5 10 
Fo, = F -= 0 ) 
oa = ta l- ti t t a" 


= Foa (0.4472 j + 0.89443 k) 





Fos = Fos (- SESZ, _ Scosse 10 ) 


11.18 Lis” iis 
= Fog (~ 0.38731 = 0.2236 j - 0.8944 k) 


5sin60° 5cos60° 10 
oe ENTS iis?” Tae“ 





= Foe ( 0.3873 i ~ 0.2236 J — 0.8944 k) 
F = 100 (sin @i+ cos 8j) | ë 
5c05 60° ft 
LF, = 0; = 0.3873 Fog + 0.3873 Foc +100sin@ = 0 
If Foc = Fog. then 100 sing = 0: fa P Ans 
iF, =0; = 0.4472 Foa — 0.2236 Fog - 0.2236 Foc + 1002 0 
=F, = 0: 0.8944 Foa- 0.8944 Fog — 0.8944 Foe = 0 


Foa = 149 1b Ans 


Fog = Foc = 74.5 lb Ans 
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3-70. The 500-lb crate is hoisted using the ropes AB and 
AC. Each rope can withstand a maximum tension of 2500 Ib 
before it breaks. If AB always remains horizontal, 
determine the smallest angle 0 to which the crate can be 
hoisted. 


Casel: Assume Ñ, = 2500 lb 
SEE, = 0; 2500 - qe cosd = 0 
+T IR = 0, Tic sin@ ~ 500= 0 
Solving, 
@ = 11,31? 
Tie = 2549.5ib > 2500 Ib 
Case2: Assume Z,¢ = 2500 lb 
+T EF = 0; 2500 sin@ — 500= 0 
@ = 11,84° 
Tas ~ 2500 cos11.54° = 0 


Tae = 2449.49 Ib € 2500 b 


Thus, the smallest angle is @ « 11.3° Aui 


3-71. The members of a truss are pin connected at joint O. 
Determine the magnitude of F, and its angle 6 for 
equilibrium. Set F = 6 KN. 


6 sin 70° + F, cos@—$ cos 1 - 3) =0 


F cos 8 = 4.2920 
6 cos 70° +5 sin 30°-F, sind -2(7) =0 
R, sin@ = 0.3521 


6=4.69 Ans F, = 4.31 kN 
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‘< 


*3-72. The members of a truss are pin connected at joint O. 
Determine the magnitudes of F, and F, for equilibrium. 
Set 0 = 60°. SEN 





— LF, = 0; F, sin 0° + F cos60? - Scos30* - (7) = 0 
0.9397F, + 0.5F, = 9.930 
+TIF, =0; Fi cos 70° + Ssin30° - F,sin60? - =(7) =0 


0.3420F, ~0.8660F, = 1.7 





Solving: 


Fi =9.60KN Am F = 1.83 KN Ans 
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e3-73. Two electrically charged pith balls, each having a 
mass of 0.15 g, are suspended from light threads of equal 
length. Determine the magnitude of the horizontal 
repulsive force, F, acting on each ball if the measured 
distance between them is r = 200 mm. 








< r = 200 mm 








-TIF =0; Tsin 60°-0.15(10)7(9.81) 20 


T = 1.699(10)"? N 





EF, =0;  1.699(10) cos 60°-F #0 | 
F = 0.850(10)"? N | O50 F-BI)N 


=0.350mN Am 
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3-74. The lamp has a mass of 15 kg and is supported by a 
pole AO and cables AB and AC. If the force in the pole acts 
along its axis, determine the forces in AO, AB, and AC for 








equilibrium. 














Cartesian Vector Notation: Equating i, j and k components, we have 





2 2., 4 
i 5 ~5Fig-sFuct+ Fig 20 
= See = ~2Figit+ sFaad faak an) a n 
z MEENE : TIRET a 
ghia tjhe- Tyho =0 i 
2, 6, 122 
-37a hic + io ~ 147.15 = 0 (3] 





-2i +3j- 6 
Fie =Fic ? — j- acl +s Frch~ 5 fack 


f(-2)? + 3? + (6)? 


= 1.5j+ ők 4 3 12 
a. |= fret Bel Fok 


F,o =F, . 
ol 13 


F = (-147.15k} N 


Solving Eqs.[1], [2] and [3] yields 


Fyy=110N Fye=85.8N Fo=319N Ans 





Equations of Equilibrium : 
IF =0; Fas tFact Fig t F =0 


2 2 4 l 3 3 
(-;fa- -Aet Thao i+ (faa Fhe BM 


3 
6 
+(-57a -fac + izho- 147.15 )k =0 





F2/5¢9-61)=/47.19 N 
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3-75. Determine the magnitude of P and the coordinate z 
direction angles of F, required for equilibrium of the 
particle. Note that F; acts in the octant shown. (—1 ft, —7 ft, 4 ft) 


Ne 360 Ib 


F, = 120 Ib 























F, = 300 Ib 
X 
a 7 4 
F, = 30|- -=i - + -=k 
! | Ja Ta’ Je | E Thus, with P = 638.65 Ib, F, = -169.95 b. 
p - Wih P = 253.81 fb, F, =191.6 bb. 
= 44,313 1-310. 191 J + 177.252 k In order for F, to be within the octant shown, choose 
Fy 
FE, = - 120) P =639 Ib Ans 
FE, = - 30k E Fy so that 
Ref i+Bj+kk (1) F, = -95.672 
P= Poos 20 j + Psin20°k Thus, the direction of F; is : 
LF, = 0; =- 44.313 +F = 0 
an(n am 
F, = 44.313 b 
EF, = 0; -310.191 - 120 + F, +0.9397P = 0 Bs = coe") = 148° ias 
EF = 0; 177.282 - 300 + A +0.3420P a 0 -1 (795.672 a 
% = cos (=) = 19 Ans 


From Eq. (1), require 
200 = FF + F + Fè 
(200) = (44.313)? +(430. 191 -0.9397P)? + (122.748 -0.3420P)' 
P? ~892.459P + 162 095 = 0 
Solving, 


P = 638.656 and P = 253.81 


187 








3 Solutions 44918 1/21/09 4:26 PM Page 188 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*3-76. The ring of negligible size is subjected to a vertical 
force of 200 lb. Determine the longest length / of cord AC 
such that the tension acting in AC is 160 lb. Also, what is the 
force acting in cord AB? Hint: Use the equilibrium 
condition to determine the required angle 0 for attachment, 
then determine / using trigonometry applied to AABC. 


Equations of Equilibrium : 

“+ EE =0;  Fygcos 40°— 160cas 8=0 

+ TIE =0; F a sin 40° + 160sin 6-200 = 0 
Solving Eqs.[1) and [2] yields 


8 = 33.25° 
Fa = 175 Ib 


Geometry : Applying law of sines, we have 


l 2 
sin 40° sin 33.25° 


[= 2.34 ft 


3-77. Determine the magnitudes of F,, F,, and F; for 
equilibrium of the particle. 


R + F cose" - s00 (È) = 0 


200 (=) + A cos 135° - A 20 


F, cos 60°- 200 = 0 
FA = 4001b Ans 
F = 2801b Ans 


FA = 357 lb Ans 
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3-78. Determine the force in each cable needed to 
support the 500-Ib load. 








Equation of Equilibrium : 


4 
LF =0; Feo(;}-500=0 Fey = 625 lb Ans 


z 


Using the results F-p = 625 lb and then summing forces along x and y axes 


Ch 
iba 
i 


I 
| 
| 
l 
I 
i 
l 
| 
L 
| 
| 
l 


Fe, = Fe, = F= 198 lb 


3-79. The joint of a space frame is subjected to four 
member forces. Member OA lies in the x-y plane and 
member OB lies in the y—z plane. Determine the forces 
acting in each of the members required for equilibrium of 


the joint. 








Equation of Equilibrium : 


IF =0; Fsin45°=0 A =0 Ans 
EF =0; Asin40°—-200=0 A=311.14b=31lb Ans 


Using the results A = 0 and A = 311.14 Ib and then summing forces along 
the y axis, we have 


EF =0; K -31l.l4cos40°=0 Ff =238Ib Ans 
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e4-1. If A, B, and D are given vectors, prove the 
distributive law for the vector cross product, i.e., 
A X (B + D) = (A X B) + (A xD). 


Consider the three vectors; with A vertical. 
Note obd is perpendicular to A. 

od = |A x (B + D)| = JAI(IB+ Di) sind, 
ob = |A x BI = AIIB] sind, 

bd = IA x DI = JAIIDI sind, 


Also, these three cross products all lie in the plane 
obd since they are all perpendicular A. As noted 
the magnitude of each cross product is proportional 
to the length of each side of the triangle. 


The three vector cross - products also form a closed 
triangle o’b’d’ which is similar to triangle obd. Thus 
from the figure, 


AxX(B+D) 2 AxB+AxD (QED) 


Now also, 
A=AI+AJ+AE 


B = Bi + Bj + Bk 
D = D,i+ D,j + Dik 


i j k 
A A A 
B,+D, B,+D, B, +D 

= [4 (B; + D;) - A(B, + D,) 
-(A (B; + Dy) = (Br + De) Y 
+ [4 (B, +D,) - A, (Bs + Dz) 
= [(A, By — AByM— (AB, - ABs} + (AB, - A B, )k] 
+ 4D; -AD -= (AD; - AD: + (AD, - A, D, )k] 


i j k 
-h A Al + 
B, B, B, 


= (A x B) + (A x D) (QED) 


Ax(B+D)=2 








i j k 
AA A 
D, D, D, 
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4-2. Prove the triple scalar product identity 
A:BXC=5AXB-C. 


Also, 


LAS = A-BxC 
As shown in the figure 











i j k 
Area = B(Csin8@) = |B x C! = (Ai+Aj+Ak): |B, B, B 
GGG 
Thus, 
Pr = A,(B,G - BG) - 4 (8G - BG) +A (B,G - BG) 
Volume of parallelepiped is IB x Cllal = A,B,C, - ABC, - A,B,C, + 4,B,C, +AB:G -ABG 
aiii RHS = AxB- C 
| /BxC 
lhl = |A; wax ol = |A i j k 
' | (era) a lA Ay Al: (Git GJ + Gk) 
= GAB, - ABy) ~ GUA Be - ABs) + GAB, ~ A,B) 
Volume = IA. B x Cl = A,B,C - A,B,C -48G +4BG +4B:G -48G 
Since |A x B - Cl represents this same volume then Thus, LHS = RHS 
A-BxC =<=AxB-C (QED) A-BxC zAxB-C (QED) 
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4-3. Given the three nonzero vectors A, B, and C, show 
that if A-(B Xx C) = 0, the three vectors must lie in the 
same plane. 


Consider, 
|A- (Bx C)| = |A||B x C| cosé 
= (A|cos@)|B x C1 
= lAl] B x C| 
= BC lhl sing 
= volume of parallelepiped. 


If A- (B x C) = 0, then the volume equals zero, so that A, B, and C are coplanar. 


*4-4. ‘Two men exert forces of F = 80 lb and P = 50 lb on 
the ropes. Determine the moment of each force about A. 
Which way will the pole rotate, clockwise or counterclockwise? 








4 
C+ Mare = 80(5) (12) = 768D- ft) Ans 
Ç+ (Ma)s = 50 (cos 45°) (18) = 636 Ib- ft Ans 


Since (Myo > (My )p 


Clockwise Ans 





e4-5. If the man at B exerts a force of P = 301b on his 
rope, determine the magnitude of the force F the man at C 
must exert to prevent the pole from rotating, i.e., so the 
resultant moment about A of both forces is zero. 








Gr 30 (cos 45%) (18) =r (=) (12) = O 


F a 39.8 lb Ans 
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4-6. If 6 = 45°, determine the moment produced by the 
4-kN force about point A. 





Resolving the 4 - kN force into its horizontal and vertical components, Fig. a, and applying the 


principle of moments, 


+M, = 4 c0s45° (0.45) —4 sin45°(3) 
= -7.21 kN -m = 7.21 kN -m (clockwise) Ans. 
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4-7. If the moment produced by the 4-kN force about ————— 3m 
point A is 10 kN -m clockwise, determine the angle 6, where 
0° < 0 < 90°. 


Resolving the 4 - KN force into its horizontal and vertical components, Fig. a, and applying the 





principle of moments, 
(Ma = —10= 400s &(0.45)-— 4sin@ (3) 
12sin — 1.8cos@ =10 (1) 


Referring to the geometry of Fig. a, 
12 1.8 


sing = = 
447.24 J147.24 


cosd = 





(2) 


Dividing Eq. (1) by fi47.24 yields 
2 L8 10 


snů - === = 
Vara r e E z 








Substituting Eq. (2) into (A) yields 
10 
147.24 


sin@ cos @ — cos Osin ġ = 


10 


sin(@ —) = Jen 


However, ¢ = wn-'( 18) = 8,531°. Thus, 


10 
sin(@ —8.531°) = 
fi47.24 
6 -8.531° = 55.50° 
0 = 64.0° Ans. 
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*4-8. The handle of the hammer is subjected to the force 
of F = 20 lb. Determine the moment of this force about the 


point A. 





Resolving the 20 - 1b force into components parallel and perpendicular to the hammer, Fig. a, 
and applying the principle of moments, 


(+M, = —20 cos 30°(18) — 20 sin 30°(5) 
| = ~361.77 Ib-in = 362 lb-in (clockwise) Ans. 
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e4-9. In order to pull out the nail at B, the force F exerted 
on the handle of the hammer must produce a clockwise 
moment of 500lb-in. about point A. Determine the 
required magnitude of force F. 





Resolving force F into components parallel and perpendicular to the hammer, Fig. a, 
and applying the principle of moments, 


(+m 4 = —500 = —F cos 30°(18) — F sin30°(5) 
F = 27.6 Ib 





—_ rth 
fp 


tf 


Finzo 


ri 
Pr m — 





Sm. 
la ) 
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4-10. The hub of the wheel can be attached to the axle 
either with negative offset (left) or with positive offset 
(right). If the tire is subjected to both a normal and radial 
load as shown, determine the resultant moment of these 
loads about point O on the axle for both cases. 


For case 1 with negative offset, we have 


(+ Mo = 800(0.4) —4000(0.05) 
=120N-m (Counterclockwise) Ans 


For case 2 with positive offset, we have 


(+ Mo = 800(0.4) +4000(0.05) 
=520N:m (Counterclockwise) Ans 





0.05 m O 
0.4m 
800 N 
4kN 
Case 1 
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4kN 


Case 2 


ce --0.05 m 


0.4m 


800 N 
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4-11. The member is subjected to a force of F = 6 KN. If 
0 = 45°, determine the moment produced by F about 


point A. 





F=6kN 








Resolving force F into horizontal and vertical components, Fig. a, and applying the principle of moments, 


(+m, = —600845°( 6) — 6sin45° (3) 
= —38.18 kN -m=38.2 kN -m (clockwise) 
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*4-12. Determine the angle 0 (0° = 0 < 180°) of the 
force F so that it produces a maximum moment and a 
minimum moment about point A. Also, what are the 
magnitudes of these maximum and minimum moments? 











In order to produce the maximum moment about point A, force F must act perpendicular to line AB, 
Fig. a. From the geometry of this diagram, 


ġ= an-1( $) = 63.43° 
8 = 90° — ġ = 90° — 63.43° = 26.6° Ans. 


Also 


date? 43? = 45 m 


The maximum moment of F about point A is given by 
(M 4 )max = Fd = 6445) = 40.2 KN -m 


The minimum moment of F about point A occurs when the line of action of F passes through point A. 


Referring to Fig. b, 

@= 180°—@ = 180° — 63.43°= 117° Ans. 

and 

(Ma) min = Fd = €0)=0 Ans. 
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e4-13. Determine the moment produced by the force F 
about point A in terms of the angle 0. Plot the graph of M 4 
versus 0, where 0° = 0 < 180°. 





F=6kN 








Moment Function: Resolving force F into horizontal and vertical components, Fig. a, and applying the principle of moments, 


(+M, = —6cos8( 6) — 6sin@ (3) 
= —(36cos@ + 18sin@) KN -m 
=(36cos 0 + 18sinð )kN -m (clockwise) 


The maximum moment occurs when Ma =O 


do 
an UA 
do 
0 = 26.6° 


—36sin@ + 18cosé = 0 


The maximum moment of F about point A is given by 
(M 4) max = 3600s 26.57° + 18sin26.57° = 40.2kN -m 


Also, 

M4 lg- = 3600s 0° + 18sin0° = 36 KN -m 
Malo_oo° = 36008 90° + 18 sin 90° = 18 kN -m 
Malo; gp = 36008 180° + 18sin 180° = -36 KN -m 


When M 4 =Q 
0 = 36cos@ + 18sin@ 0 =117 


The plot of M 4 versus @ is shown in Fig. b. 


M, (KN-m) 


@ (deq) 
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4-14. Serious neck injuries can occur when a football 
player is struck in the face guard of his helmet in the 
manner shown, giving rise to a guillotine mechanism. 
Determine the moment of the knee force P = 50 lb about 
point A. What would be the magnitude of the neck force F 
so that it gives the counterbalancing moment about A? 


(b M, = 50sin 60° (4) - 50 cos 60° (2) = 123.2 = 123 Ib- in.) Ans 
123.2 = F cos 30° (6) 


F = 23.7 1b Ans 


4-15. The Achilles tendon force of F, = 650N is 
mobilized when the man tries to stand on his toes. As this is 
done, each of his feet is subjected to a reactive force of 
Ny = 400 N. Determine the resultant moment of F, and Ny 
about the ankle joint A. 


Referring to Fig. a, 
(HMp)a ==Fd; (Mp), = 400(0.1)= 650(0.65) cos 5° 
= ~2,09N -m=2.09N+m (clockwise) 


201 








65 mm 




















100 





TJ") [N= 400 N 
mm 
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*4-16. The Achilles tendon force F, is mobilized when the 
man tries to stand on his toes. As this is done, each of his feet 
is subjected to a reactive force of N, = 400 N. If the resultant 
moment produced by forces F, and N, about the ankle joint 
A is required to be zero, determine the magnitude of F,. 


Referring to Fig. a, 
(Mr Ja =EFd; 0=400(0.1)=F cos5°(0.065) 
F =618N 























e4-17. The two boys push on the gate with forces of 
F , = 30 lb and as shown. Determine the moment of each 
force about C. Which way will the gate rotate, clockwise or 
counterclockwise? Neglect the thickness of the gate. 


(+ (Mi) _=-20(5}9 


=-162 lb-ft=1621b-ft (Clockwise) 




















(+ (Mg, ) o = 50(sin 60°) (6) 
=260b-ft (Counterclockwise) 


Since (My, ) > (Mp, ) .. the gate will rotate Counterclockwise. 





4-18. ‘Two boys push on the gate as shown. If the boy at B 
exerts a force of Fg = 30 1b, determine the magnitude of 
the force F; the boy at A must exert in order to prevent the 
gate from turning. Neglect the thickness of the gate. 




















In order to prevent the gate from tuming, the 
resultant moment about point C must be equal to zero. 


(+ Mag = EFA; Me, =0= 30sin 60°(6)- F,(3)c9) 


F, =28.9 lb 
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4-19. The tongs are used to grip the ends of the drilling 
pipe P. Determine the torque (moment) Mp that the 
applied force F = 150 lb exerts on the pipe about point P 
as a function of 0. Plot this moment Mp versus 0 for 
0 <60 = 90°. 























= 43 in. i 


Mp = 150 cos (43) + 150 sin (6) 


= (6450 cos 6 +900 sing) lb- in 





= (537.5 cos6+75 sing) ib- ft Ans 
dM, . 75 
7." 537.5 sin@+75 cos@ = 0 me = 5 6 = 7,943° 


Al @=7.943°, Mp is maximum. 


Also (Mp)wax = 150 Ib (3) (Sy = $43 b- ft 


*4-20. The tongs are used to grip the ends of the drilling 
pipe P. If a torque (moment) of Mp = 800 lb-ft is needed 
at P to turn the pipe, determine the cable force F that must 
be applied to the tongs. Set 0 = 30°. 





Mp = F cos 30°(43) + F sin30°(6) Set Mp = 800( 12) Ib- in. 





800( 12) = F cos 30°( 43) + F sin30°(6) 





F = 23 ib 
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e421. Determine the direction 6 for 0° = 6 = 180° of the 
force F so that it produces the maximum moment about 


point A. Calculate this moment. 









































(+My = 400 ¥ (3)? +(2)? = 1442N-m 
Ma = 1.44 kN. m Ans 


$ = tan” (=) = 33.69 





ð = 90° ~ 33.69° = 56,3° Aus 
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4-22. Determine the moment of the force F about point A 
as a function of 0. Plot the results of M (ordinate) versus 0 
(abscissa) for 0° = 6 = 180°. 



































$ +My = 400 sinô (3) + 400 cos8 (2) 


= 1200 sin + 800 cos 








TAL = 1200 cos — 800 sind = 0 


sau (22) as 


(My max = 1200 sin 56.3° + 800 cos 56.3° = 1442 N. 


4-23. Determine the minimum moment produced by 
the force F about point A. Specify the angle 0 (0° = 
0 = 180°). 





























Main =400(0)=0 Ans 





Omia = 90° +56.3°= 146° Ans 
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*4-24. In order to raise the lamp post from the position 
shown, force F is applied to the cable. If F = 200 lb, 
determine the moment produced by F about point A. 








Geometry: Applying the law of cosines to Fig. a, 


BC? = 10” + 20? — 2(10)(20) cos 105° 
BC = 24.57 ft 


Then, applying the law of sines, 
sin@ sin 105° 
i M ‘a = 23.15° 

10 24.57 

Moment About Point A: By resolving force F into components parallel and perpendicular to the lamp pole, 

Fig. a, and applying the principle of moments, 
(HMR Ja = Lhd; M a = 200sin23.15°(20) + 200cos 23.15°(0) 

= 1572.73 Ib- = 1.57 kip-ft (counterclockwise) Ans. 
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4-25. In order to raise the lamp post from the position 
shown, the force F on the cable must create a counterclockwise 
moment of 1500Ib-ft about point A. Determine the 
magnitude of F that must be applied to the cable. 








Geometry: Applying the law of cosines to Fig. a, 


BC? = 10% + 20 — 2(10)(20) cos 105° 
BC = 24.57 ft 


Then, applying the law of sines, 


sin? sin105° 
e a ‘M a] = 23. o 
10 24.57 i 


Moment About Point A: By resolving force F into components parallel and perpendicular to the lamp pole, 
Fig. a, and applying the principle of moments, 


(HM )4 =EFd;  1500= F'sin23.15°(20) 
F = 191 Ib Ans. 
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4-26. ‘The foot segment is subjected to the pull of the two 
plantarflexor muscles. Determine the moment of each force 
about the point of contact A on the ground. 


(Ma): = 20 cos 30° (4.5)+20 sin 30°(4) = 118 b- in. 2 


(Mah = 30 cos 70°(4) +30 sin 70°(3.$) = 140 b- in.) 




















4-27. The 70-N force acts on the end of the pipe at B. 
Determine (a) the moment of this force about point A, and 
(b) the magnitude and direction of a horizontal force, applied 
at C, which produces the same moment. Take 0 = 60°. 





(a) Z +M; = 70 sin60°(0.7) + 70 cos60°(0.9) 


M, 73.94 = 73.9 N-m) Ans 


(b) (0.9) = 73.94 





F = 822 Ne Ans 
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*4-28. The 70-N force acts on the end of the pipe at B. 
Determine the angles 6 (0° = 0 = 180°) of the force that 
will produce maximum and minimum moments about 
point A. What are the magnitudes of these moments? 


C +M, = 70 sin6(0.7) + 70 cos@(0.9) 


M, = 49 sin@ + 63 cosé 





For maximum moment 4 = 0 





ZA 20; 49 cos@ — 63 sin@ = 0 


@ = tan (=) = 37.9° 
(My) max = 49 8in37.9° + 63 cos37.9° 
79.8 N-m ` 
For minimum moment M, = 0 
= 0; 49 sin@ + 63 cos@ = 0 
-63 
@ = 180° + tan (7g) = 128° 


(Mi) min = 49 sin128° + 63 cos128° = 0 


°4-29. Determine the moment of each force about the 
bolt located at A. Take Fz = 40 lb, Fc = 50 Ib. 


| +M; = 40 cos25°(2.5) = 90.6 lb-ft 5 Ans 


| +M, = 50 cos30°(3.25) = 141 lb-ft) Ans 
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4-30. IfFp = 30 1b and Fc = 45 lb, determine the resultant 
moment about the bolt located at A. 
(+M, = 30 cos25°(2.5) + 45c0s30°(3.25) 


= 195 lb-ft5 Ans 


4-31. The rod on the power control mechanism for a 
business jet is subjected to a force of 80 N. Determine the 
moment of this force about the bearing at A. 





(+ M, = 80 cos 20° (0.15 sin 60°) — 80 sin 20° (0.15 cos 60°) = 7.71N. mY Ans 


*4-32. The towline exerts a force of P = 4KN at the end 
of the 20-m-long crane boom. If 0 = 30°, determine the 
placement x of the hook at A so that this force creates a 
maximum moment about point O. What is this moment? 


Maximum moment, OB 1 BA 
C+(Mo) mex = 4KN(20) = 80 kKN-m ) Ans 


4 RN sin60°(x) — 4 KN cos60°1.5) = 80 KN-m 








x = 24.0 m Ans 
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e4-33. The towline exerts a force of P = 4 kN at the end 
of the 20-m-long crane boom. If x = 25 m, determine the 
position 0 of the boom so that this force creates a maximum 
moment about point O. What is this moment? 


P=4kKN 











Maximum moment, OB L BA 
C +(Mo)max = 4000(20)= 80000N-m = 80.0kKN-m Ans 
4000 sing(25) — 4000 cos¢(1.5) = 80 000 
25sing — 1.5 cos@ = 20 pom 
$ = 56.43° se ‘aioe 
@ = 90° - 56,43° = 33.6° Ans 25m 
Also, 
(1.5)? +2 =y 
225 +2? = y" 
Similar triangles 


20+y B+z 
7 3 ~ y 





Wy + y? = M2427 


20( 92.25 + z2) + 2.25 +27 = 2524+ 2° o 70m 
= #,000N 


z = 2,259 m 
g iny 


y = 2,712 m 


[2.259 
8 = cos (=>) = 33.6° Ans. 
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4-34. In order to hold the wheelbarrow in the position 
shown, force F must produce a counterclockwise moment 
of 200 N -m about the axle at A. Determine the required 
magnitude of force F. 


























Resolving force F into its horzontal and vertical components, Fig. a, 
and applying the principle of moments, 
4 Ma = 200 = Fsin 30°(1.5)+ F cos 30°(1.15) 
F =115N Ans. 
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4-35. The wheelbarrow and its contents have a mass of 
50 kg and a center of mass at G. If the resultant moment 
produced by force F and the weight about point A is to be 
zero, determine the required magnitude of force F. 


























Resolving force F into its horzontal and vertical components, Fig. a, 
and applying the principle of moments, 
(HMR )a = ŁFd; 0 = F sin30°(1.5)+ F cos 30°(1.15)— 509.81)(0.3) 
F =84.3 N Ans, 


5009:81) N 


B Fcos30° 
Ro | 
. 
Hom WZ  (&---- J = 
Fsin30° 
A 
( Lem 
02m 
(a ) 
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*4--36. The wheelbarrow and its contents have a center of 
mass at G. If F = 100 N and the resultant moment produced 
by force F and the weight about the axle at A is zero, 
determine the mass of the wheelbarrow and its contents. 


























Resolving force F into its horzontal and vertical components, Fig. a, 
and applying the principle of moments, 
(HMR Ja = XFd; 0= 100cos 30°(1.15)+ 100sin30°( 1.5) — M(9.81)(0.3) 
M = 59.3 kg Ans. 


MCI 8) 
B /0060§30°N 


| i 30° | 
(5m . re 
F=/00N 
zi 1(00S/N30° N 
[mM 
0.3m 


(A) 
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e4-37. Determine the moment produced by F, about 
point O. Express the result as a Cartesian vector. 




















Position Vector: The position vector ro, , Fig. a, must be determined first. 
roa =(3- Oi 4+ (3-0)j+(-2— O)K = [H+ 3)-2k] ft 


Vector Cross Product: The moment of F; about point O is 


i j k 
Mo =roa xF =|3 3 -=[110i-50j+ 90k] lb-ft Ans. 
20 10 3 
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4-38. Determine the moment produced by F, about 
point O. Express the result as a Cartesian vector. 














Position Vector: The position vector rog, Fig. a, must be determined first. 
roa =(3- O8'+(3-0)j+(—2- 0)k = (H+ 3j-2k]ft 


Vector Cross Product: The moment of F about point O is 


i j k 
Mo=ro4 xFz=|3 3 -A =[90i-130j- 60k]ib-ft Ans. 
10 -30 5 
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4-39. Determine the resultant moment produced by the two 
forces about point O. Express the result as a Cartesian vector. 




















Position Vector: The position vector m4 , Fig. a, must be determined first. 
Wa = (3=-0)i+ (3— 0)j + (+2 —O)k = Bi+3j— 2k]ft 


Resultant Moment: The resultant moment of F; and F» about point O can be determined by 
(Mr o = pa XF + toa XF2 

i j k i j k 

3 3 -J+|3 3 2 

20 10 10 -30 50 
[200i — 180j+ 30k] lb-ft Ans. 


Or we can apply the principle of moments which gives 
(Mz )o = pa * + F2) 


ij k 
-|3 3 - 

30 -20 
= {200i — 180j+ 30k} Ib-ft Ans. 
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*4-40. Determine the moment produced by force Fz 
about point O. Express the result as a Cartesian vector. 





Position Vector and Force Vectors: Either position vector ro4 or Rog can be used 
to determine the moment of Fy about point O. 
toa = [6k] m rog =(2.5j] m 





The force vector Fg is given by 
(0 -08+(2.5 —0)j+(0- 6k 






Fp = Fpu pg = 780 |- B00j-720k]N 


Vector Cross Product: The moment of Fz about point O is given by 


i j k 
Mo=roaxFp={0 0 6 |=[-1800i]N-m=[-1.80i]kN -m Ans. 
300 -72 
or 
i j k 
Mo =rogxFg = 25 © |=[-1800i]N-m=[-1.80i]kKN-m Ans. 
300 -72 


A(0A06)m 
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e4-41. Determine the moment produced by force Fo 
about point O. Express the result as a Cartesian vector. 





Position Vector and Force Vectors: Either position vector ro4 or qpe can be used 
to determine the moment of Fp about point O. 

Wa = {6k} m 

oc =(2—-0)i+(-3- 0)j+ (0 -O)k = Bi- 3j]m 


The force vector Fe is given by 
(2- 0)i+(-3- 0)j+(0 —6)k 





|= [120i - 180j-360k]N 






Ls 


Vector Cross Product: The moment of F- about point O is given by 


i j k 

Mo="ro4*Fc=|0 0 6 | =[1080i+ 720j]N -m Ans. 
120 -180 -360 

or 
i j k 

Mo = roc xFe =| 2 -3 0 j=[1080i+720j]N -m Ans. 
20 -180 = 






iz=420N L A(0,0,6)m 
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4-42. Determine the resultant moment produced by 
forces Fg and Fç about point O. Express the result as a 
Cartesian vector. 





Position Vector and Force Vectors: The position vector ro4 and force vectors Fz and Fc, 
Fig. a, must be determined first. 
ma ={6k} m 


(0-0) + (2.5 -0)j+(0- 6k 
Fp = Fpu pp = = B00j-720k]N 
ii 0-0) | sie 


Fo = up = 42 2- 0)i+(-3— 0)j+(0 —6)k 









= [120i — 180j-360k]N 


Resultant Moment: The resultant moment of Fz and Fc about point O is given by 
Mo = Toa XFg tite + ta xFe 

. 4 k i j k 

6 [+] 0 0 6 

| -7 120 -180 - 

= [-720i + 720j] N -m Ans. 
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4-43. Determine the moment produced by each force 
about point O located on the drill bit. Express the results as 
Cartesian vectors. 








Position Vector: The position vectors m4 and rog, Fig. a, must be determined first. 
a = (0.15— 0i + (0.3—0)j+(0-0)k = [0.15i + 0.3j]m 
ton = (0- 0 +(0.6— 0)j+(-0.15 —0)k = [0.6j—0.15k ]m 


Fz = {—50i — 120j + 60k} N 


Vector Cross Product: The moment of F4 about point O is 


(Mro = a *Fa 
i jk 
=ļþ.15 03 0 
40 -100 
=[-181+9j—3k]N -m Ans. 


The moment of Fg about point O is 


(Mp ìo = pp *Fpg 


i j k 
=|0 06 -0l 

50 -120 60 
=[18i+7.5j+30k]N -m Ans. 
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*4-44. A force of F = {6i — 2j + 1k} kN produces a 
moment of Mo = {4i + 5j — 14k} kN : m about the origin 
of coordinates, point O. If the force acts at a point having an 
x coordinate of x = 1 m, determine the y and z coordinates. 


j E 
Mro =|! y zļ=Bi + 5j- 14k]kN-m 


-2 1 
y+łz=4 
=l +67 =5 
—2—6y = -l4 
y=2m Ans. 
z=]m Ans, 





e445. The pipe assembly is subjected to the 80-N force. z 
Determine the moment of this force about point A. 


Position Vecior And Force Vector: 


rac = {((0.55-0)i+(0.4-0)j+(-0.2-0)k} m 
= (0.55i +0.4j- 0.2k} m 


F = 80(cos 30°sin 40°i + cos 30°cos 40°j-— sin 30°k) N 
= (44.531 + 53.07j- 40.0k} N 


Moment of Force F About Point A : Applying Eg.4-7, we have 
M, = Fac x F 
i j k 
=| 0.55 0.4 -0.2 
44.53 53.07 =40 


= {-5.39 + 13.1j+ 11.4k} N-m Ans 
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4-46. The pipe assembly is subjected to the 80-N force. 
Determine the moment of this force about point B. 


Position Vector And Force Vector: 


Fac = {(0.55-0)i+(0.4—0.4)j+(-0.2-0)k} m 
= (0.551 -0.2k} m 


F = 80(cos 30°sin 40°i + cos 30°cos 40°j -sin 30°k) N 
= {44.531 + 53.07j- 40.0k} N 


Moment of Force F About Point B : Applying Eq.4-7, we have 


M, =fyc XF 


i j k 
=| 0.55 0 02 


44.53 53.07 -40, 


= {10.61 + 13.1j+ 29.2k} N-m 





4-47. The force F = {6i + 8j + 10k}N creates a 
moment about point O of Mo = {-14i + 8j + 2k} N-m. 
If the force passes through a point having an x coordinate of 
1 m, determine the y and z coordinates of the point. Also, 
realizing that Mo = Fd, determine the perpendicular 
distance d from point O to the line of action of F. 


ijk 
E 
6 8 | 


r 





-l4l+8)+2k = 











-l4 = [Oy - & 

8 = -10 + é 

2 = 8 -6y 

y=>lm Ans 

z=3m Ans 

Mo = y(-14) + (8) + (2 = 16.25 N. m 
F = /(6) + (8 +(10p = 14.14 N 


16.25 
d= 14.14 = 1.15 m Ans 
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*4-48. Force F acts perpendicular to the inclined plane. 
Determine the moment produced by F about point A. 
Express the result as a Cartesian vector. 


Force Vector: Since force Fis perpendicular to the inclined plane, its unit vector u p 
is equal to the unit vector of the cross product, b = rac Xx rpc, Fig. a. Here 

rac = (0- 0)i+(4—0)j+(0- 3k =[4j- Æ] m 

Fac = (0- 3)i+(4—- 0)j+ (0-0k =[-3i+ 4j]m 





Thus, 
i jk 
b=ry4 xtg =|0 4 — 
34 0 
= (121+ 9j+ 12k] m2 
Then, 


ar = >= EE = 0.62471 + 0.4685) + 0.6247k 


Wiz? + 92 4122 


And finally 
F = Fa p = 400(0.6247i + 0.4685 j+ 0.6247 k) 
= [249.881 + 187.41j+ 249.88k]N 


Vector Cross Product: The moment of F about point A is 
i j k 

Ma =m xF=| 0 4 3 
9.88 187.41 249. 


= [1.561 — 0.750j- Ik] KN -m Ans. 
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e4—49. Force F acts perpendicular to the inclined plane. 
Determine the moment produced by F about point B. 
Express the result as a Cartesian vector. 


Force Vector: Since force Fis perpendicular to the inclined plane, its unit vector u p 
is equal to the unit vector of the cross product, b = rac X rp, Fig. a. Here 

rac = (0- 0)i+ (4-0) j+(0- 3k =[4j- 3k] m 

Fac = (0- 3)i+ (4 — 0)j+(0 -—O)k = [-3i + 4j]m 





Thus, 
i jk 

b=ny xg =|0 4 —4=[12i+ 9j+ 12k] m? 
34 0 

Then, 


up =>= lZi+2jtI2k 0,6247i+0.4685j+ 0.6247k 


in? +92 +12? 


And finally 
F = Far = 400(0.6247i + 0.4685j+0.6247k) 
= [249.881 + 187.41j+ 249.88k]N 


Vector Cross Product: The moment of F about point B is 
i j k 
Mpg = r xF =| 3 4 0 
988 187.41 249. 
= [li+0.750j—1.56k] kN -m Ans. 
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4-50. A 20-N horizontal force is applied perpendicular to 
the handle of the socket wrench. Determine the magnitude 
and the coordinate direction angles of the moment created 
by this force about point O. 











ra = 0.2 sin 15°11 + 0.2 cos 15°j + 0.075 
= 0.05176 i +0.1932 j +0.075 k 
F = ~20cos 15°1 + 20 sin 15°j 


= -19.321+5,176J 


Mos rn x F = 





i j k 
0.05176 0.1932 0.07 
-19.32 5.176 0 


= (-0.38821 - 1.449j +4.00k} N: m 


Mo a 4.272 = 4.27 N. m Ans 





Danii e 


er ) 95.2° Ans 


-1.449 


p = cos"! (2 = 110° Ans 


4 
d 4.272 iii 
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4-51. Determine the moment produced by force F about F = {—6i + 3j + 10k} N 
the diagonal AF of the rectangular block. Express the result 
as a Cartesian vector. 


Moment About Diagonal AF: Either position vector rag or rpg, Fig. a, can be used to find the moment of F 
about diagonal AF. 

rag = (0- 0)i+(3-—0)j+(1.5-—1.5)k = [3j]m 

rrp = (0- 3) + (3- 3j+(1.5-0)k =[-Gi+ 1.5k]m 





The unit vector u 4r , Fig. a, that specifies the direction of diagonal AF is given by 


uar = OZ + B-OI+ O-1.5)k =2142 5-4 


da-0)7+G-07+0-152 3 3 


The magnitude of the moment of F about diagonal AF axis is 


l 


0 
10 


Mar = Oar "TAR xF= 


a Sul 
wW ww [te 


= 2 (x1 -2x0]-Z fo) -(-640]+( -+ 0-93) 
=14N-m 


l 


1.5 


2 
MAF = UAF "TFR xF= 3 
3 
6 10 


Ww w| 


= Fon) -9(1.5]-3[-ax10 ~(-041.5)]+[-3 axa 60) 
=14N-m 


Thus, Mar can be expressed in Cartesian vector form as 


Map =< Nip wie Fit jg) 193314933) 467KIN-m Ans. 
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*4-52. Determine the moment produced by force F about F = {—6i + 3j + 10k} N 
the diagonal OD of the rectangular block. Express the 
result as a Cartesian vector. 


Moment About Diagonal OD: Either position vector rog or rpg, Fig. a, can be used to find the moment of F 
about diagonal OD. 

rog =(0—0)i+ (3 0)j+(1.5-0)k = Bj+ 1.5j]m 

rpg = (0- i+ (3- 3j+(1.5-15k =-3]m 





The unit vector agp, Fig. a, that specifies the direction of diagonal OD is given by 


(3- 08+(3-0)j+(1.5- Ok =Ži+Žj-ik 


Gar = 
(3—0)7 +(3-0)7 40-15% 3 3 


The magnitude of the moment of F about diagonal OD is 


Mop = Yop ‘Tog XF = 


Dw lr 
Ww wWWwir 
= w [= 


= = [310)— 3\1.5)]- =[0000)~ (641.5) + + [43-66 


=|7N-m 
ow 
22 1l 
M = "E F=|3 3 
op= 800 Top *F=(3 3 
6 3 10 
: 2 pa10)- (30)]- Žao- (6x0 +i [x 33- (-6X0)] 
=17N-m 


Thus, Mop can be expressed in Cartesian vector form as 


Mop = Moptop = 3 itj x) =[11.3i+11.3j+ 5.67k]N -m Ans. 
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e453. The tool is used to shut off gas valves that are 
difficult to access. If the force F is applied to the handle, 
determine the component of the moment created about the 


z axis of the valve. 


F = {—60i + 20j + 15k} N 


uck 
r = 0.25 sin 30° i + 0.25 cos 30° j 
= 0.1254 + 0.2165 j 
0 0 l 


M = |0.125 0.2165 | = 15.5N- m Aus 
- 60 20 1 








4-54. Determine the magnitude of the moments of the 
force F about the x, y, and z axes. Solve the problem (a) using 
a Cartesian vector approach and (b) using a scalar approach. P 


a) Vector Analysis 


Position Vector : Fa 
raa = ((4-0)i+(3-0)j+(-2-0)k} ft= (41+3j—2k} ft » 

Moment of Force F About x, y and z Axes : The unit vectors along L NY 

x, y and z axes are i, j and k respectively. Applying Eq.4-i, we have 


M, =i-(tyg X F) 

I 0 0 
13 -{ 
4 12 =- 


= 1(3(-3) - (12) (-2)] -0+0 = 15.0 b- ft Ans 


— 
= 











F = {4i + 12j — 3k} lb 


M, =j- (Tas x F) 


0 l 0 
4 3 -4 
4 12 = 








= 0=-1[4(=3) =(4) (-2)] +0 = 4.00 Ib- ft Ans b) Scalar Analysis 
on F) M, =EM,; M, = 12(2)—3(3) = 15.0 b-ft Ans 
=ļ|4 3 ~ 
. -A M,=2M,; M, =—4(2)+3(4) = 4,00 ib- fi Ans 


=0-0+ 1[4(12) -4(3)1 = 36.0 Ib- ft Ans M, =M; M, =—4(3)+12(4)=36.0lb-ft Ans 
Fa 
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4-55. Determine the moment of the force F about an axis Zz 
extending between A and C. Express the result as a 
Cartesian vector. F 





F = {4i + 12j — 3k} lb 


Position Vector : 


rep = {-2k} ft 
raa = {(4—-0)i+(3-0)j+(-2-0)k} ft= {4i +3j-2k} ft 


Unit Vector Along AC Axis : 
Myc =uic' (rap x F) 


_ (4-0 i+(3-0)j 


u = 0.8i +0.6j 
i (4-0)? +(3-0)? -|a P 1 
M JF F About AC A With F = {4i + 12j-3k} Ib : . 7 
oment of Force F About xis; = {4i + 12j-: = 0.8[(3) (3) — 12(-2)] -0.6[4(-3) -4(-2)] 
applying Eq.4- Th, we have ]~0.6[4(—3) - 4(-2)] +0 
= 14.4 lb-ft 


Myc =uac: (Fca X F) 
Expressing M, c as a Cartesian vector yields 


fo 06 0 ) 
=o U -~ Myce =Mcu 
4 2 7 Ac Ac™Ac 


= 14.4(0.8i + 0.6)) 


= 0.8[(0) (-3) — 12(-2)] - 0.6[0(-3) -4(-2)] +0 = {11.5i + 8.64j} Ib- ft 
Ji + 8.64j} Ib. Ans 


= 14.4 lb- ft 
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*4-56. Determine the moment produced by force F about Z 
segment AB of the pipe assembly. Express the result as a 
Cartesian vector. 


F = {—20i + 10j + 15k} N 


Moment About Line AB: Either position vector rac orrpge can be conveniently used 
to determine the moment of F about line AB. 

ra =(3- 0i+(4-0)j+(4-0)k =[3i+4j+4k]m 

rge =(3- 3+ (4- 4)j+(4-0)k =[4k]m 








The unit vector u 4p , Fig. a, that specifies the direction of line AB is given by 
_ (3-08+(4-0)j+(0-0%K _ 34 4, 


uag 
d- 0)7+(4-0)7+(0-0)7 > 5 


Thus, the magnitude of the moment of F about line AB is given by 


3 4 9 
Map =Ugg-Tac XF=|5 5 

3 4 4 

20 10 1 


=-88N-m 
or 
3 4 o 
Map =OQap ‘Pre XF=15 £5 
ee 0 0 4 
20 10 1 


3 4 
= 7 10(4)} a ta (—20)(4)]+ 0 
= -88N -m 
Thus, M 4p can be expressed in Cartesian vector form as 


Mag =Magugp = i+ fj) 5281-704 1IN -m Ans. 
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e4-57. Determine the magnitude of the moment that the 
force F exerts about the y axis of the shaft. Solve the 
problem using a Cartesian vector approach and using a 
scalar approach. 





a) Vector Analysis 

Position Vector and Force Vector: 
Fog = {0.2cos 45° —0.2sin 45°k} m = {0.1414)-0.1414k} m 
F = 16{—cos 30°i + sin 30°k} N = {-13.856i + 8.00k} N 


Momeni of Force F About y Axis : The unit vector along the y axis 
isj. Applying Eq.4- 11, we have 


M, =j (fos x F) 
0 l 0 
=| 0.1414 0 -oad 
-13.856 0 8 
= 0-1[0.1414(8) —(—-13.856) (-0.1414)] +0 


= 0.828 N-m Ans 


b) Scalar Analy sis 
M, =EM,; M, = l6cos 30°(0.2sin 45°) 


~ 16sin 30°(0.2cos 45°) 
= 0.828 N-m Ai 
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4-58. If F = 450 N, determine the magnitude of the 
moment produced by this force about the x axis. 


Moment About the x axis: Either position vector rap or rep can be used 
to determine the moment of F about the xaxis. 

rap = (-0.15-—0)i+(0.3— 0)j+(0.1— 0k = [-0.15i + 0.3j+0.1k]m 

ro = ((-1.5-—C0.15)}i+ (0.3- 0)j+(0.1-0)k = (0.3j+ O1k]m 





The force vector F is given by 
F = 450- cos 60°1 + cos 60° j+ cos 45°k) = [-225i + 225j+318.20k]N 


Knowing that the unit vector of the x axis is i, the magnitude of the moment of F about the x axis is 


given by 
l 0 0 
Mx =iraB XE=] 15 o3 ol 
-225 225 318.2 
= 1[0.X318.20)— (225X0.1)]+ 0+ 0 = 73.0N -m Ans. 
ar 
, i 0 0 
Mx =bræ xE =] o o3 ol 
225 225 318.20 
= 1[0.3(318.20)- (225X0.1)]+0 +0 = 73.0N -m Ans. 
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4-59. The friction at sleeve A can provide a maximum 
resisting moment of 125 N-m about the x axis. Determine 
the largest magnitude of force F that can be applied to the 
bracket so that the bracket will not turn. 


Moment About the x axis: The position vector rap , Fig. a, will be used 
to determine the moment of F about the xaxis. 
rag = (-0.15—0)i1+ (0.3- 0)j+(0.1- 0k = --0.1514+0.3j)+0.1k]m 





The force vector F is given by 
F = F(—cos60°i + cos 60°j+ cos45°k) = —0.5Fi+ 0.5Fj+ 0.7071Fk 


Knowing that the unit vector of the x axis is i, the magnitude of the moment of F about the x axis is 
given by 


fi 0 0 
-015 03 O01 
0.5F OS5F 0.7071F 
= 1[0.3(0.7071 F)— 0.5F(0.1)]+ 0+ 0 = 0.1621F 
Since the friction at sleeve A can resist a moment of M y = 125N -m, the maximum allowable magnitude of 
F is given by 


M, =i-rag xF 


125 =0.1621F 
F= T771N Ans. 
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*4-60. Determine the magnitude of the moment ve 
produced by the force of F = 200 N about the hinged axis 
(the x axis) of the door. 


Moment About the x axis: Either position vector rog orrcy can be used 
to determine the moment of F about the axis. 

rca = (2.5— 2.5)i+ (0.9659 — 0)j+ (0.2588 — 0)k = [0.9659 j + 0.2588k] m 
rog =(0.5 —0)i+(0—0)j+ (2-0) = [0.5i+ 2k]m 








The force vector F is given by 


(0.5— 2.5)i + (0- 0.9659)j + (2 —0.2588)k 


dos- 2.5)" + (0 — 0.9659)” + (2 — 0.2588)” 


Knowing that the unit vector of the x axis is i, the magnitude of the moment of F about the x axis is 


F = Fo ap = 2 = [-141.73i — 68.45j+ 123.39k]N 


given by 
l 0 0 
M, =i- r4 xF = = 137N. Ans. 
x SEE 0 0.9659 0. icin 
141.73 -68.45 123.3 
or 
. l 0 0 
My =i- B xF= = 137N-m Ans. 


0.5 0 2 
141.73 -68.45 123.3 







BCE, 0, 


= (2-5, 09059, 0:2588) mM 
C(25,0,0)Mm 


(A ) 
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°4-61. If the tension in the cable is F = 140 lb, determine 
the magnitude of the moment produced by this force about 
the hinged axis, CD, of the panel. 


Moment About the CD axis: Either position vector rca or rpg , Fig. a, can be used 
to determine the moment of F about the CD axis. 

rca = (6- Oi + (0- 0)j+(0-—0)k = [6i]ft 

rpg = (0- 0fi+(4-—8)j+(12- 6)k =[-4j+ 6k] ft 





Referring to Fig. a, the force vector F can be written as 











(0 -6)i+(4— 0)j+(12- 0)k 


F = Fa ag = | 
(0-6)? +(4—0)* +(12- 0)? | 


= [-60i +40j+ 120k] Ib 





The unit vector up, Fig. a, that specifies the direction of the CD axis is given by 
z (0- O08 + (8 -0)j+(6- 0k aži ik 


acp 513 


(0- 0)? +(8- 0)? + (6-0)? 


Thus, the magnitude of the moment of F about the CD axis is given by 


Mep =Ucp ‘Tea *F = ji 


tn lw 


2 
5 
0 

40 12 


= 0- 5 [6(120)—(-60\ 0)] + =[6(40) — (-60X 0} 
= —432 Ib- ft Ans. 


o 42 
Men = cp ‘rpg xF = 5 5 
0 —- 6 


s Ž[0(120)- (-60X6)]+ =[0(40)—(-60)(-8) 
= ~432 lb-ft Ans. 


The negative sign indicates that Mep acts in the opposite sense to that of u cp - 





a B (Ò, 4, IZ) ft 
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4—62. Determine the magnitude of force F in cable AB in 
order to produce a moment of 500 lb-ft about the hinged 
axis CD, which is needed to hold the panel in the position 
shown. 


Moment About the CD axis: Either position vector m4 or rep , Fig. a, can be used 
to determine the moment of F about the CD axis. 

rca = (6- 0i +(0- 0)j+ (0-0k =[6i)ft 

rœ = (0- 0)i+ (4 —0)j+ (12 —O)k =[4j+ 12k]ft 














Referring to Fig. a, the force vector F can be written as 


| (o- m -0 3. 2, 6 
F = Fa ag =F (0-6i+(4- 0j+(12 --3 ris 2 A+ É Fk 


qo-6)? +(4—0)2 +(12- 0)2 q 


The unit vector ucp , Fig. a, that specifies the direction of the CD axis is given by 
nie (0- O)i+ (8 —0)j+ (6- 0)k =4j+24 
(0- 0)? +(8- 0)? +(6 -0)? 
Thus, the magnitude of the moment of F about the CD axis is required to be Mcp = [500|1b-ft. Thus, 
Mcp = cp Toa XF 


4 3 

0) ta =i 
{500 = 5 3 
o ($ 2 6 

-SF =F =F 

a 

af (6 3 l|..3f 2 

-500 = 0- —| 6 =F |-| -=F {0)|+=|6 =F |-| ->F Ko 
x-0- d57)-(-F}o]+3]454)-(-3"} 
F= 162 lb Ans. 
or 


i oe & 
WEES: 
i si z” 
Al (6 | 3) |2 3 
-500 = 0- dsr)--2e palid 2r){-3 F\a) 
F = 162 lb Ans. 
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4-63. The A-frame is being hoisted into an upright 
position by the vertical force of F = 80 1b. Determine the 
moment of this force about the y’ axis passing through 
points A and B when the frame is in the position shown. 





Scalar analysis : 

M, = 80 (6 cos 15°) = 464 1b. ft Ans 
Vector analysis : 

Use = HRO 1 + cos 30° j 
Coordinates of point C : 


x = Jsin 30° — 6 cos 15° cos 30° = — 3.52 ft 





y = Jcos 30° + 6 cos 15° sin 30° = 5.50% 
z = 6sin 15° = 1.55 ft 
Fac = — 3.521 + 5.50) +1.55k 
F = 80k 
sin 30° cos30® O0 


M, = ' 3.52 5.50 1.55 
0 0 80 





My = 464 ib. ft Ans 
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*4—64. The A-frame is being hoisted into an upright 
position by the vertical force of F = 80 Ib. Determine the 
moment of this force about the x axis when the frame is in 
the position shown. 





Using. y'.z: 

u, = cos 30° 7 +sin 30° J’ 
rac = -6 cos 15° f +3 f' + ósin 15° k 
F=80k 

cos? sin 30° 0 


-6 cos 15° 3 6 sin 15°) = 207.85 + 231.82 +0 
0 0 80 


M, =a 





M, =440lb- t Ans 

Also, using x, y, z. 

Coordinates of point C : 

x = 33in 30° - 6 cos 15° cos 30" = - 3.52 ft 
y = Jcos 30° + 6 cos 15° sin 30° = 5.50 ft 


z= 6sin 15° = 1.55f 





fac = = 3.521 + 5.50] +1.55k 


F = 80k 
l 0 0 

M, =|=3.52 5.50 1.55|=440ib: ñ Ans 
0 0 80 
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°4-65. The A-frame is being hoisted into an upright 
position by the vertical force of F = 80 1b. Determine the 
moment of this force about the y axis when the frame is in 
the position shown. 





240 








Usingx, y. z: 

u, =—sin 30° f + cos 30° J’ 

rac =—6 cos 19° +3 + 63m 15°K 
F = 80k 

=sin 30° cos 30° 0 


~6cos 15° 3 6 sin 15°| = -120+ 401.52 +0 
0 0 80 


M, = 





M, =282lb- R Ans 

Also, using x, y, Z: 

Coordinates of point C : 

x = 3sin 30° — 6 cos 15° cos 30° = - 3.52ft 
y = 3.cos 30° + 6cos 15° sin 30° = 5.50ft 

z = 6sin 15° = 1.55f 


rac = = 3.520 + 5.505 +1.55k 


F = 80k 
o 1 0 

M, =|-3.52 5.50 1.55/=282m-f Ans 
o oO 8 
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4—66. The flex-headed ratchet wrench is subjected to a 
force of P = 16 lb, applied perpendicular to the handle as 
shown. Determine the moment or torque this imparts along 
the vertical axis of the bolt at A. 


16(0.75 + 10sin60°) 





151 Jb-in. Ans 





4-67. If a torque or moment of 80 lb in. is required to 
loosen the bolt at A, determine the force P that must be 
applied perpendicular to the handle of the flex-headed ratchet 
wrench. 





80 = P(0.75 + 10sin60°) 





P= — =8,50 lb Ans 
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*4-68. The pipe assembly is secured on the wall by the z 
two brackets. If the flower pot has a weight of 50 Ib, 
determine the magnitude of the moment produced by the 
weight about the OA axis. 











Moment About the OA axis: The coordinates of point B are [(4 + 3cos 30°) cos 60°, (4 +3 cos 30° )sin 60°, 3sin30° ]ft = (3.299, 
5.714, 1.5) ft. Either position vector rog or rg can be used to determine the moment of W about the OA axis. 

rog = (3.299 —0)i+ (5.714 — 0)j+(1.5—0)k = 3.2991 + 5.714j+ 1.5k] ft 

rag = (3.299— 0)i+(5.714 —4)j+(1.S— Dk =[3.299i + 1.7145 —1.5k Jft 


Since W is directed towards the negative zaxis, we can write 
W = [-S0k] Ib 


The unit vector u o4 , Fig. a, that specifies the direction of the OA axis is given by 
<A- (0-0 +(4- 0)j+(3-0 = j+3k 
0- 0)? +(4~0)? +(3-0)? 


The magnitude of the moment of W about the OA axis is given by 


4 3 
Moa = üoa ‘rog xX W= 5 5 
iii 299 5714 15 
0 0 -= 
aa =£.29%-50)- 04 5)]+=.2990)- 0(5.714)] 
= 132 lb-ft Ans. 
or 
9 4 3 
Moa = uoa ‘Tap XW = 5 5 
ee 299 1.714 -1. 
0 0 -5 
=0- <[3.299(-50)-0(-1.5)]+ =[3.299(0)-0(1.714) 
= 132 Ib- ft Ans. 





(2) 
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•4—69. The pipe assembly is secured on the wall by the two z 
brackets. If the frictional force of both brackets can resist a 
maximum moment of 150 1b-ft, determine the largest 
weight of the flower pot that can be supported by the 
assembly without causing it to rotate about the OA axis. 











Moment About the OA axis: The coordinates of point B are [(4 + 300s 30°) cos 60°, (4 +3008 30° )sin 60°, 3sin30° |ft = (3.299, 
5.714, 1.5) ft. Either position vector rpp or roc can be used to determine the moment of W about the OA axis. 

Fog =(3.299 —0)i+ (5.714 — j+ (1.5- 0k = [5.299 + 5.714j+ 15k) ft 

rap = (3.299— 0)i+ (5.714 —4)j+(1.5— Dk =[3.2991 + 1.714j—1.5k ]ft 


Since W is directed towards the negative zaxis, we can write 
W = -Wk 


The unit vector a, , Fig. a, that specifies the direction of the OA axis is given by 
0-O+(4—- 0)j+G— 0k 


0- 0)? +(4—0)7 +(3-0)" 





um = 


Since it is required that the magnitude of the moment of W about the OA axis not exceed 150 ft-lb, we can write 
Moa = 0 ‘Tor x W 


oe 2&2 2 
fisq = 5 $ 
299 5.714 1.5 
0 0 -W 
150=0 ~2[3.294-W)- Q1.5)]+ 33.209 0)-0(5:714)] 
W = 56.8 lb Ans. 
or 


Moa =A ‘Ton * W 


9 4 3 
= 5 3 
bo 299 5714 0 
0 0 -W 
150 = 0-2 [3.29%-W)— 0(0)] += [3.299(0)— 0(5.714)] 
W = 56.8 Ib Ans. 


ACO 4, 3) pt. 





6 (3:249, FPE, LEH 


“G2IGS TI, 0) 1 
(2) 
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4-70. A vertical force of F = 60 N is applied to the Z 
handle of the pipe wrench. Determine the moment that this 
force exerts along the axis AB (x axis) of the pipe assembly. 
Both the wrench and pipe assembly ABC lie in the x—y 
plane. Suggestion: Use a scalar analysis. 











Sealar Analysis : From the geometry, the perpendicular distance from 
x axis to force F is d= 0.15sin 45° + 0.2sin 45° = 0.2475 m. 


M, =IM,; M, =-Fd=-60(0.2475) =-14.8N-m 


Negative sign indicates that M, is directed toward negative x axis. 
M, = 14.3N-m Ans 
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4-71. Determine the magnitude of the vertical force F 
acting on the handle of the wrench so that this force 
produces a component of moment along the AB axis (x axis) 
of the pipe assembly of (M4), = {—5i} N - m. Both the pipe 
assembly ABC and the wrench lie in the x—y plane. 
Suggestion: Use a scalar analysis. 





Scalar Analysis : From the geometry, the perpendicular distance from 
x axis to F is d= (0.1 5sin 45° + 0.2sin 45° = 0.2475 m. 


M, =EM,; -5 = -F(0.2475) 
F=20.2N 


*4-72. The frictional effects of the air on the blades of the ENN 


standing fan creates a couple moment of Mo = 6 N +m on A ) ) 
the blades. Determine the magnitude of the couple forces Ze eZ 
YY 


K A X 7 
at the base of the fan so that the resultant couple moment Mi D 


A, 
on the fan is zero. 


Couple Moment: The couple moment of F produces a counterclockwise moment of Mc = F(0.15+ 0.15)= 0.3F. Since the 
resultant couple moment about the axis perpendicular to the page is required to be zero, 


(Mode = Mi 0=0.3F -6 F=20N on 
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4-73. Determine the required magnitude of the couple 


moments M, and M; so that the resultant couple moment / 


iS Zero. 


Since the couple moment is the free vector, it can act at any point without 
altering its effect. Thus, the couple moments M,, M3 , and M3 can be simplified 
as shown in Fig. a. Since the resultant of M;, M3, and M3 is required to be zero, 


(MR )y = 2My; 0= M sin 45° — 300 

Ma = 424.26 N-m=424N-m Ans. 
(Mr), = 2M,; 0 = 424.26cos 45° -M3 

M3 = 300 N -m 
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4-74. The caster wheel is subjected to the two couples. 
Determine the forces F that the bearings exert on the shaft 
so that the resultant couple moment on the caster is zero. 








(+m =0;  500(50)-F(40) =0 


F=625 N Ans 
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4-75. If F = 200lb, determine the resultant couple 
moment. 
a) By resolving the 150 - Ib and 200 - Ib couples into their xand y components, Fig. a, 





the couple moments (Mc ); and (Mc)2 produced by the 150 - lb and 200 - 1b couples, 
respectively, are given by 
C+Mo) = — 1500s 30°(4) — 150 sin30°(4) = -819.62 lb-ft = 819.62 lb-ft 


(HMe)2 = ad = 2+ anf 2} = 560 Ib-ft 


Thus, the resultant couple moment can be determined from 














GMo)r = (Me) +(Mo)2 
= -819.62 + 560 = -259.62 Ib- =260 Ib -ft (clockwise) 





b) By resolving the 150 - Ib and 200 - 1b couples into their xand y components, Fig. a, 
and summing the moments of these force components algebraically about point A, 


(+Mc )r = M4 ;(Mc)g = -150sin30°(4)- 15000830 (6+ 200 £ \2)+ 204 2 \6 


S 206{ 2} + 200 tho +150cos 30°(2) + 150sin30°(0) 





= -259.62 lb-ft =260 lb-ft (clockwise) Ans. 
ade 2K 
2801b_ 
N <n 
| `X | ae Ib 
‘Ze SO Oh (oe 150 Ib 
Eg 150 Sin3o’ 
Z00 (|b 
200(4s5)Ib 
(2) 
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am it 2 i 








*4-76. Determine the required magnitude of force F if the 
resultant couple moment on the frame is 200 lb-ft, 











clockwise. 

















By resolving F and the 150 - Ib couple into their x and y components, Fig. a, the couple moments (Mc ); and (Mc) produced 
by Fand the 5 - KN couple, respectively, are given by 


GM.) = {4 Jo» {3o = 2.8F 
(HM )2 = -150008 30°(4)- 150sin30°(4)= -819.62 Ib-ft = 819.62 Ib-ft ,) 


The resultant couple moment acting on the beam is required to be 200 Ib- ft, clockwise. Thus, 


(M.)p =(M.),+(M.)2 
-200 = 2.8F — 819.62 











F = 221 1b Ans. 
2ft 2ft 
FFH) 
NI _150C0S30"lb ` 
iy 
F(%) (+--> "150 Ib 
150sin30° 15 
F 
Aft 
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e4-77. The floor causes a couple moment of 
M, = 40N:-m and Mpg = 30N°:m on the brushes of the 
polishing machine. Determine the magnitude of the couple 
forces that must be developed by the operator on the 
handles so that the resultant couple moment on the polisher 
is zero. What is the magnitude of these forces if the brush 
at B suddenly stops so that M g = 0? 








( + Mp = 40-30-F (3) =0 
F=333N Ans 
( + Mp =40-F(0.3)=0 


F=133N Ans 





4-78. If 0 = 30°, determine the magnitude of force F so that 
the resultant couple moment is 100 N » m, clockwise. 


By resolving F and the 300 -N couple into their radial and tangential components, Fig. a, 
and summing the moment of these two force components about point O, 


(im ìk =IMg; -100= Fsin45°(0.3)+ Fcos 15°(0.3)— X300 cos 30° (0.3) 
F=l11N Ans. 


Note: Since the line of action of the radial component of the forces pass through point O, no 
moment is produced about this point. 





200$in30'°N 


“AEAN 
NE 30000830°N 
013m 







15° 


PA h Fsin 150 


EE: ee a. 


300 Sjn 30 °N 
(a) 
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4-79. If F = 200 N, determine the required angle 0 so that 
the resultant couple moment is zero. 


By resolving the 300 - N and 200 -N couples into their radial and tangential components, Fig. a, 
and summing the moment of these two force components about point O, 


Cm. \re=IMo; 0= 200sin45°(0.3)+ 200cos 15°(0.3) — 300 cos 6(0.3) —300cos 6(0.3) 
6 = 56.1° Ans. 


Note: Since the line of action of the radial component of the forces pass through point O, no 








moment is produced about this point. 
300 sin O 
ZOOS N \ -- ~~ zp Z00N 
-A 
Ko | 
P 45° È <L] 
30 | , © 300 CaSO 
ome Fe 
15 ee KO00COS/5 °N 
ZOON I, 
. I5 
ZOSIN 45 N 3 6 è 


150 
ZOOSTNISIN 
3008iNG 


CP 


*4-80. Two couples act on the beam. Determine the 
magnitude of F so that the resultant couple moment is 
450 lb: ft, counterclockwise. Where on the beam does the 
resultant couple moment act? 


(+My ==M; 450 = 200(1.5) + Fcos30°( 1.25) VA > 2001 
b 2 ft 














F= 139 Ib Ans 


The resultant couple moment is a free vector. It can act at any point on the beam. 
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e481. The cord passing over the two small pegs A and B of 
the square board is subjected to a tension of 100 N. 
Determine the required tension P acting on the cord that 
passes over pegs C and D so that the resultant couple 
produced by the two couples is 15 N +m acting clockwise. 
Take 0 = 15°. 











(m = 100 cos 30° (0.3) + 100 sin 30° (0.3) = P sin 15° (0.3) = P cos 13° (0.3) 24S 


P = 70.7 N Ans 


4-82. The cord passing over the two small pegs A and B of 
the board is subjected to a tension of 100 N. Determine the 
minimum tension P and the orientation 0 of the cord 
passing over pegs C and D, so that the resultant couple 
moment produced by the two cords is 20 N - m, clockwise. 





For minimum P require @ = 45° Ans 


(mM, = 100 cos 30° (0.3) + 100 sin 30° (0.3) -P(—3) = 20 


P = 49.5N Ans 





4-83. A device called a rolamite is used in various ways to 
replace slipping motion with rolling motion. If the belt, 
which wraps between the rollers, is subjected to a tension of 
15 N, determine the reactive forces N of the top and bottom 
plates on the rollers so that the resultant couple acting on 
the rollers is equal to zero. 


(+m, =0;  15(50+50sin 30°) = N(50cos 30°) =0 


N =26.0N 
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*4-84. Two couples act on the beam as shown. Determine 
the magnitude of F so that the resultant couple moment is 
300 Ib - ft counterclockwise. Where on the beam does the 
resultant couple act? 


200 Ib 


3 4 
| +(Mo), = 3h) + 3701-5) — 2001.5) = 300 





F = 167 lb Ans 


Resultant couple can act anywhere, Ans 











e4-85. Determine the resultant couple moment acting on 15m J 1.8m 
the beam. Solve the problem two ways: (a) sum moments 8 KN T 2 kN 
about point O; and (b) sum moments about point A. a5 




















(a) 
Ç+ Ma =EMo; Mz =8 cos 45°(1.8)+8 sin 45°(0,3)+2 cos 30°(1.8) 
| 8 kN 
—2 sin 30°(0,3)—2 cos 30°(3.3)}— 8 cos45°(3.3) 2 KN 
Mp =-9.69 KN. m=9.69kN. m Ans 


(b) 
G+ Me =EMu; Me =88in45°(0.3)— 8c0845°(1.5) 


—2c0330°(1.5)—23in30°(0.3) 


=-9,69KN- m=9.69kN- m 2 Ans 


253 








4 Solutions 44918 1/23/09 12:03 PM Page 254 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 





4-86. Two couples act on the cantilever beam. If 
F = 6 kN, determine the resultant couple moment. 














a) By resolving the 6 - kN and 5 - kN couples into their xand y 
components, Fig. a, the couple moments (M » ); and (M )2 





produced by the 6- KN and 5 - KN couples, respectively, are 
given by 





(Mo) = 6sin30°(3)— 6co0s 30°( 0.5+ 0.5)= 3.804 kN -m 


(+HMe)2 = {205+ 0.5)— fa = —9KN-m 


Thus, the resultant couple moment can be determined from 


(Mer = (Mch +(Me)2 
= 3.804 —9 = -5.196 kN -m = 5.20 kN -m (clockwise) Ans. 


b) By resolving the 6 - KN and 5 - KN couples into their xand y components, 
Fig. a, and summing the moments of these force components about point A, 


we can write 


(+(M dr ==IM,; (M,)p= {2 }os+ {4 \9- 6 cos 30°(0.5) — 6 sin 30% 3) 


+ 6sin 30°( 6) — 6cos 30°(0.5)+ {2 Jos = f tjo 


= —5,196KN -m = 5.20 kN -m (clockwise) 


6Sin30° 
-n OKAN 
30° | 
To 2s30°KN 


mats 5(3/5) KN 
4N 


AN, 


5(#65) KN 





6£0530° kN 6 5)n30° KN 
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4-87. Determine the required magnitude of force F, if the 
resultant couple moment on the beam is to be zero. 























By resolving F and the 5 - kN couple into their xand y components, Fig. a, the couple moments 
(M .); and (M,.)2 produced by F and the 5 - KN couple, respectively, are given by 


(m. ), = Fsin30°(3)— Fos 30°(1) = 0.6340F 


(+m, )o = {2\0- {$j =-9kN -m 


The resultant couple moment acting on the beam is required to be zero. Thus, 
(Me)r =(Mceh+t(Me)2 

0 = 0.6340F —9 

F= 14.2kN -m Ans. 


Fsin30' mF 
fm a3 ! 30° | 
-o A ra 
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*4-88. Two couples act on the frame. If the resultant 
couple moment is to be zero, determine the distance d 
between the 40-lb couple forces. 























Ç +Me = 0 = 40c0830°(d) ~60( )c4) 











d= 5,54 ft Ans 





























e4-89. Two couples act on the frame. If d = 4 ft, determine 
the resultant couple moment. Compute the result by resolving 
each force into x and y components and (a) finding the 
moment of each couple (Eq. 4-13) and (b) summing the 
moments of all the force components about point A. 






































(a) 


Ç +m = 40c0s30°(4)-60(=)(4) = -53.4 b- Ra33.4ib- t ) Ans 











(b) 


Ç +Me = ~40c0130° (2) + 40cas30 (6) + 60$) + 60(3 )er) -sof $) -6of2 )on 


x -33.4 ib. ft= 53.4 b- P Ans 





























4-90. Two couples act on the frame. If d = 4 ft, determine 
the resultant couple moment. Compute the result by 
resolving each force into x and y components and (a) finding 
the moment of each couple (Eq. 4-13) and (b) summing the 
moments of all the force components about point B. 
































(a) 


C site = 4020830" (4)-60(=)(4) = -$3.4 ib- ft = 53.4 Ib- n) Ans 














(b). 





( +e = 4000830 (5) = 4020830°(1) + 60('= )3)—60( Jen 

















=-53.4b- ft=53.4b- ft 3 Ags 
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4-91. IfM; = 500 N-m, M, = 600 N:m, and M; = 450 N-m, 
determine the magnitude and coordinate direction angles 
of the resultant couple moment. 


Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, 
the couple moments M}, M3, and M3 acting on the gear deducer can be simplified, as shown in 
Fig. a. Expressing each couple moment in Cartesian vector form, 

M; = [500j] N -m 

M; = 600(— cos 30°i— sin 30° k) ={-519.62i — 300k} N -m 

M3 =[-450k]N -m 





The resultant couple moment is given by 

(M.)p = EM; Me )r =M +M2 +M3 
= 500j + (-519.62i = 300k) + (450k) 
= [-519.62i+ 500j— 750k]N -m 


The magnitude of (M, )z is 


(Me)p = fim, Yeh? +My? tM oR]: 
= {519.62 )? + 500? + (-750)” 


= 1040.43N -m=1.04kKN-m Ans. 


The coordinate angles of (Me )g are 
KMo)r ly -519.62 | _ 1, | 
Q = cos (oel ik |- co 120° Ans. 
(Me )r ly 500 
= a es | = 3° 
p = cos k =r co l ) 61.3 Ans. 


_ tf (Mork \_ TA) _ sage 
yoo | rome) 
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*4-92, Determine the required magnitude of couple 
moments M,, M>, and M, so that the resultant couple 
moment is Mp = {—300i + 450j — 600k} N-m. 


Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, 
the couple moments Mj, M3, and M3 acting on the gear deducer can be simplified, as shown in 
Fig. a. Expressing each couple moment in Cartesian vector form, 





M; = Mij 
M; = M>(-cos30°i—sin30°k) = —0.8660M 7i -0.5 Mk 
M; = -M3k 


The resultant couple moment is given by 
(M,)g = EM: Me)r =M; +M2+M3 
(-300i + 450j — 600k) = Mij + (-0.8660M 7i -0.5M 3k) + (- M3K) 
— 300i +450j -600k = -0.8660M 71+ Mj- (0.5M7 + M3 )k 


Equating the i, j, and k components yields 


-300 =-0.8660M, M> =346.41N-m=346N-m Ans. 
M, = 450N -m Ans. 
600 = ~0.5(346.41) + M3 M3 =427N-m Ans, 
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•4-93. If F = 80N, determine the magnitude and 
coordinate direction angles of the couple moment. The pipe 
assembly lies in the x-y plane. 


It is easiest to find the couple moment of F by taking the moment of F or — F about point 
Aor B, respectively, Fig. a. Here the position vectors rag and rg4 must be determined first. 


rag =(03- 0.2)i+ (0.8- 0.3) j+(0- 0k = [0.li + 0.5j]m 
rga =(0.2 —0.3)i + (0.3-0.8) j+(0- Ok = [-0. li- 0.5j]m 





The force vectors F and —F can be written as 
F ={80k}N and -F =[-80k]N 


Thus, the couple moment of F can be determined from 
i j K 

0.1 0.5 0]=[40i-8jJN -m 

io 0 80 


i j k 
M; = ra ala -0.5 feta 
0 0 - 


The magnitude of M,. is given by 


M, = Me +My? + M,? = of 40? + (8)? +02 = 40.79 N-m=408N-m Ans. 


The coordinate angles of M, are 







a = cos { }= <x l E Ans. 
M 2 
= -l — = — = a 
B = 0% | co 101 Ans. 
M 0 
= -l — = nma | = ad 
y = 00s | ce 90 Ans. 
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4-94. If the magnitude of the couple moment acting on 
the pipe assembly is 50 N- m, determine the magnitude of 
the couple forces applied to each wrench. The pipe 
assembly lies in the x-y plane. 





It is easiest to find the couple moment of F by taking the moment of either F or —F about point 
Aor B, respectively, Fig. a. Here the position vectors r4g andr, must be determined first. 
rag = (0.3—0.2)i+ (0.8 —0.3)j+(0 —0)k = [0.1i + 0.5j] m 

rgą = (0.2— 0.3) + (0.3- 0.8)j+ (0 —0)k = [-0.1i — 0.5j]m 


The force vectors F and —F can be written as 
F ={Fk}Nand -F =[-Fk]N 


Thus, the couple moment of F can be determined from 


i j k 
M, =r4g xF=[0.1 0.5 Oļ|=0.5Fi—0.1Fj 
0 0 F 


The magnitude of M „ is given by 


Mo = Me +My? +M, = dos F)? +(0.1F)? +02 = 0.5099F 


Since M, is required to equal 50 N -m, 
50 = 0.5099F 
F= 98.1 N Ans. 
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4-95. From load calculations it is determined that the 
wing is subjected to couple moments M, = 17 kip» ft and 
M, = 25 kip: ft. Determine the resultant couple moments 
created about the x’ and y’ axes. The axes all lie in the same 
horizontal plane. 


(Ma)y = EM; (Mp), = l7cos 25° - 25sin 25° 
= 4.84 kip- ft 


(My), ==M,-; (Mg ),« = 17sin 25° + 25cos 25° 
= 29.8 kip- ft 


*4-96. Express the moment of the couple acting on the 
frame in Cartesian vector form. The forces are applied 


perpendicular to the frame. What is the magnitude of the 
couple moment? Take F = 50 N. 


Me = 50(1.5) = 75N. m Ans 
Mc = = 75 (cos 30° I + cos 60° k) 


= (-65.01 - 37.5k)N:> m Ans 
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¢4-97. In order to turn over the frame, a couple moment is 
applied as shown. If the component of this couple moment 
along the x axis is M, = {—20i} N-m, determine the 
magnitude F of the couple forces. 


20 = F (1.5) cos 30° 


F = 15.4N Ans 


4-98. Determine the resultant couple moment of the two 
couples that act on the pipe assembly. The distance from A to 
Bis d = 400 mm. Express the result as a Cartesian vector. 





Vector Analysis 
Position Vector: 


r,a = {(0.35-0.35)i+(-0.4cos 30° - 0) j+(0.4sin 30° -0) k} m 
= (-0.3464j +0.20k} m 


Couple Moments : With F, = {35k} N and F, = {—50i} N, applying 
Eq.4~-15, we have Resultant Couple Moment: 


(Mc), = rua XF, M, =IM; My = (Mc), + (Me), 


i j k = {-12.1i- 10.0j- 17.3k} N-m 
=|0 -0.3464 020 = (-12.121) Nm 


0 0 35 


Scalar Analysis : Summing moments about x, y and z axes, we have 
(Mc), = Tras XF, 
i j k (Mp), =EM,; (My), =-35(0.4c0s 30°) = -12.12 N -m 
=| 0 -0.3464 229 = {-10.0j- 17.32k} N -m (Mp), ==M,; (Mp), =-50(0.4sin 30°) = -10.0 N -m 
50 0 0 (My), ==M,; (Mg), = -50(0.4c0s 30°) =-17.32 N -m 


Express M, as a Cartesian vector, we have 


M, = {-12.1i—10.0j- 17.3k} N-m 
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4-99. Determine the distance d between A and B so that the 
resultant couple moment has a magnitude of Mp = 20N: m. 





Position Vector: 


raa = {(0.35 —0.35)i + (-dcos 30° - 0) j + (dsin 30° -0)k} m 
= {~0.8660d j+0.50d k} m 


Couple Moments : With F, = {35k} N and F = {-50i} N, applying Eq.4— 15, 








we have 
(Mc), = tae XF, 
i j k 
=/0 —0.8660d 0.50d| = {-30.3ld i} N-m 
0 0 35 
(Mc), = raa XF, 
i j k 
=| 0 ~0.8660d 0.50d) = {-25.0d j-—43.30d k} N-m 
-50 0 0 








Resultant Couple Moment : 


M,==IM; My, =(M-), +(Me), 
= {-30.31d i-25.0d J-43.30d k} N-m 


The magnitude of My, is 20 N-m thus 


20 = ¥(=30.31d)* + (=25.0d)* + (43.304)? 


d= 0.3421 m=342 mm Ans 
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*4-100. If M, = 180 lb-ft, M, = 90 lb-ft, and M; = 120 lb-ft, 
determine the magnitude and coordinate direction angles 
of the resultant couple moment. 


Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, 
the couple moments M), M>, M3, and My acting on the gear deducer can be simplified, as shown 
in Fig. a. Expressing each couple moment in Cartesian vector form, 

M; = [180j] Ib -ft 

M, =[—90i] Ib -ft 


(2 —0)i+ (-2— 0)j+ (14+ 0)k 


$2- 0)? +(-2-07 +(1-0) 


M; = [50{cos 45° sin45°i — cos 45° cos 45°j — sin 45°k ] = [75i —75j — 106.07k Jb- ft 


M3 = Mju = 12 = [80i-80j+ 40k] Ib-ft 











The resultant couple moment is given by 

(M.)p = =M; (Mz =M; +M3 +M3 +My 
= 180 j—90i + (80i — 80 j + 40k ) + (751 —75j— 106.07k) 
= [651+ 25j — 66.07k] lb-ft 


The magnitude of (M..)p is 


(Medr = {Medr k + Modely? + (Moogle 
= des? + (25)? +(-66.07)” 


= 95.99 lb-ft =96.0 Ib- ft Ans. 
The coordinate angles of (M,.)p are 
a = cos} Mork = oof 5 )= ara Ans. 
(Me)R 95.99 
B = 7| orly -o5 5] 74.9° Ans. 
“WOR 95.99 
Ans, 


y = 07 (ork). co E) = 1337 
(Mc)R 
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e4-101. Determine the magnitudes of couple moments z 
Mı, M,, and M; so that the resultant couple moment is zero. 
150 lb-ft 
Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, r 
1 ft 


the couple moments M), M>, M3, and M4 acting on the gear deducer can be simplified, as shown 
in Fig. a. Expressing each couple moment in Cartesian vector form, 

M = Mij 

M, = -Mhi i 


(2 -0i+(-2-0)j+(1+ 0)k = =M3i- = M3j+— M3k 


de-o +(-2- 0)? +10) | 3 


M4 = 150{(cos45° sin45°i — cos 45° cos 45° j — sin 45°k ] = [75i — 75j — 106.07k] lb-ft 


M3 = Mu = M3 








The resultant couple moment is required to be zero. Thus, 
(M.)p = 2M: 0= M +M- +M; +My 


0= Mij+(-M2i)+(Żmai -ŽM3j+4Msk Jos- 75j— 106.075) 


0={ -m +2M3 +75 h(a -=M3 -75)ja( {m =- 10507 )x 


Equating the i, į} and k components, 
0=-M2 +=M3 +75 (1) 
0= M -4m3 -75 (2) 
0= =M3 — 106.07 (3) 


Solving Eqs. (1), (2), and (3) yields 
M3 =3181b-ft 
Mı = M3 = 287 lb-ft 


a 
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4-102. If F, = 100lband F, = 200lb, determine the 
magnitude and coordinate direction angles of the resultant 
couple moment. 


Couple Moment: The position vectors n, m, and r3, Fig. a, must be determined first. 
n ={[=2k]ft r =[2k]ft r3 =[2k]ft 


The force vectors F, , Fz , and F3 are given by 
F; = [100j]Ib F, = [200i] Ib 
(0—3)i+ (4-0) j+(2- 2k 


0-37 +(4- 0)? +(2-2)" 





F; = Au = = 150i +200j]lb 


Thus, 

M, = xF =(-2k)x (100j)= [200i] Ib- ft 

M, = xX F- = (2k) x({200i)= 400 j] lb-ft 

M3 = ry x F3 = (2k) x (-150i +200) =[-400i — 300j] lb-ft 


Resultant Moment: The resultant couple moment is given by 
(Mo)r = 2M,; Mc)r =M; +M2+M3 
= (200i) + (400j) + (400i -300 p 
= [200i + 100j] lb-ft 


The magnitude of the couple moment is 


(Medr = {Mork + (Meda ly +M) 
- {J-20 )* +100)? + (0) 


= 223.61 N -m=224N -m Ans. 


The coordinate angles of (Mc)p are 


(Mz. )p . 223.61 

p = (onh) staat am 
(Mor 273.61 

P -o| Moe) «cof 2) =r hee 
(Mp 223.61 
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4-103. Determine the magnitude of couple forces F; and Z 
F, so that the resultant couple moment acting on the block 
iS Zero. 





Couple Moment: The position vectors r}, r2, and r3, Fig. a, must be determined first. 
n = [-2k] ft ry = [2k ]ft r3 = [2k ]ft 


The force vectors F}, F» , and F3 are given by 


F = Aj F2 = Foi 
F; = yu = 25 AO- DIHA- UTO- AR | £15084 20016 


{o- 4° +(4= 0)" +(2=2)7 


Thus, 

Mı =r, xF = (-2k) x (AĴ = 2Ki 

M; =m xF; =(2k)x (Fi) = 2F5j 

M; = r x F3 =(2k)x(-150i+ 200j) = [- 400i — 300j) lb-ft 


Resultant Moment: Since the resultant couple moment is required to be equal to zero, 
(M,)p = ZM; 0= M; +M: +M3 

0 = (2A i) + (2 F2j)+ (400i — 300) 

0 = (2K —400)i+ (2F) — 300)j 


Equating the i, į and k components yields 
0=2F —400 F = 200 ib Ans. 
0 = 2F, — 300 Fy =150 Ib Ans. 
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*4-104. Replace the force system acting on the truss by a 
resultant force and couple moment at point C. 





O 
N 
O 
[N 
O 





Equivalent Resultant Force: The 500- |b force is resolved into its x and y components, 
Fig. a. Summing these force components algebraically along the xand y axes, 


4 
+ (Fry =lFr3 (Fr)x = sof $ )= 001 ~ 


+T(Fr)y=ZFy;  (Fr)y =-200-150- 100 sof 2) = -750 Ib = 750 Ib 4 


The magnitude of the resultant force Fp is given by 
Fe = (Fe )x +(FR)y* =: 400° + 750° =8501b Ans. 


The angle 6 of Fp is 


[F 
o= mn OE | m [z |- 61.93° =61.9 XX Ans. 
R Ix 


Equivalent Couple Moment: Summing the moment of the forces and force components, 
Fig. a, algebraically about point C, 


(HMRC ==Mc; (Mp)c =-200(2)—150(4)- 100(6)- so 3 2\@- sof $ sjo 
= -6400 lb-ft =6.40 kip- ft (clockwise) 


200b I50Ib /00lb 
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e4-105. Replace the force system acting on the beam by 


an equivalent force and couple moment at point A. 2.5kN 1.5 kN4qp 











F, = 1.5sin 20° -2.5(} 


= =1.25 kN = 1.25 kN + 


3 
R, =-1.5cos 30°-2.5(3)-3 
= -5.799 KN = 5.799 KN 4 


F = yi? +R = y 1.25% + 5.799 = 5.93 kN 


o-an() = tan” (—e)=78 y 


Ç M, ==M,; Mp, =-25(3 )(2)~ 1.5008 30° (6) — 3(8) 
=-M&SKN-m=34.8EN-m (Clockwise) Ans 


4-106. Replace the force system acting on the beam by an 


equivalent force and couple moment at point B. 2.5kN 1.5 kNagp 











4 
Fa = |.5sin 30° -2.5(5) 
= =1,25 kN = 1.25 kN + 


R, =-1.5c0s 30°-2.5(3)-3 
= -5.799 KN = 5.799 KN J 


F =R +R = y 1.25? + 5.7992 = 5.93 kN 


F 5.799 
(3 fag J" 


e Ma, =2Mg; Mp, = 1.5cos 30° (2) +2.5(3)(6 


= 11.6 kN-m (Counterclockwise) 
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4-107. Replace the two forces by an equivalent resultant 
force and couple moment at point O. Set F = 20 Ib. 
































X Reeth: B = $(20) -20 sin 30° = 6 Ib 


+t Fa, = EF; Fr, = 20008 30° + (20) = 29.32 Ib 
Fy = JFE + Fp, = JEF (29.30) = 29.9 Ib Ass 


9 sun! iz = ean! (2) = 78.4 L Ans 
Rz 


Ç+ Me, =ZMo: Ma, = 20 sin 30°(6 sin 40°) +20 cos 30°(3.5+6 cos 40°) 
4 l 3 
7 5(20X6 sin 40°)+ 5 (2013.5+6 cos 40°) 
= 214 Ib- in 5 Ans 
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*4-108. Replace the two forces by an equivalent resultant 
force and couple moment at point O. Set F = 15 Ib. 






























bsin40%rn. 


Xz 


Fe =ZEi h = $(15)=20 sin 30° = 2 Ib 


+ Fa, = EF; Fp, =20 cos 30°+ 2(15) = 26,32 1b 
s 4 | 
Fy = JF} + Fg, = 1416.37 = 26.4 lb 
F, 32 . 
a “120 5 =! = labs. 
@= tan hi, wan (= ) 85.7 £. 
(t Mas =EMo; Meg = 20 sin 30°(6 sin 40°) + 20cos 30°(3.5+ 6 cos 40°) 
4 3 
= $(15X6 sin 40°) + 3(15).5+6 cos 40°) 


=205ib- in Y} Ans 
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e4-109. Replace the force system acting on the post by a 
resultant force and couple moment at point A. 





Equivalent Resultant Force: Forces F; and F> are resolved into their xand y components, 
Fig. a. Summing these force components algebraically along the xand y axes, 


1m 





+ 5(Fe), =F; (Fg), = asd $ )- 500cos 30° — 300 = -533.01 N =533.01 N + 





+ T (FR dy = LFy; (FR )y = s00sin30°-2s0{ 2) = 100 N T Y 





The magnitude of the resultant force Fp is given by 


Fr = dF Jx +(FR)y” = 533.012 +100? = 542.31 N =542N 


The angle @ of Fp is 








I| ER)» | _ a 100 |= šai oS ina 
0= —— | = tan™'| — | = 10.63° = 10.6 
= | wa '['53301) ae 


Equivalent Resultant Couple Moment: Applying the principle of moments, Figs. a, and summing 
the moments of the force components algebraically about point A, 


Gmr Ja =2ZMa4; (Mp), = 500cos 30°(2)~ S00sin30%(0.2)~250| È }o.5)- a$ yas 3001) 
= 441.02 N -m = 441 N -m (counterclockwise) Ans. 


5005in30°A OFM 


Ki A ZSO( 4s) N 
ULF 





Im 
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4-110. Replace the force and couple moment system 30 kN 26 kN 
acting on the overhang beam by a resultant force and 
couple moment at point A. 


Equivalent Resultant Force: Forces Fj and F} are resolved into their xand ycomponents, 
Fig. a. Summing these force components algebraically along the xand yaxes, 


*+Z(Fr)y =F ei (Fr)y = 24 5) ~30sin30° = -5kN =5kN <— 




















+T(Fr)y=EFy;  (Fr)y =-2 12 |- 30.0030" = —49.98KN = 49.98 kN L 


The magnitude of the resultant force Fp is given by 


Fp = frr )x? +(FpR)y? = A52 + 49.982 = 50.23KN = 50.2KN Ans. 


The angle 6 of Fp is 


@ = tan"! (Fry = tan! 8 = 84.79° = £4.3° y Ans. 
(FR )x 5 


Equivalent Resultant Couple Moment: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about point A, 


(HMR Ja =EMa; (Mp)a = 30sin30°(0.3)—30cos 30°2)— af $ Joa- 24 32 }6)-45 


= -239.46 kN -m = 239KN -m (clockwise) Ans. 
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4-111. Replace the force system by a resultant force and 
couple moment at point O. 500 N 


200 N 





200 N 





Equivalent Resultant Force: Forces Fj and F> are resolved into their xand y components, 
Fig. a. Summing these force components algebraically along the xand y axes, 


SE(Fr)x =IF,; (FR)x = 200- 200+ sod 3) = 300 > 
+T(Fr)y=ZR; (FR)y = -750+ 500$ ]= -350N = 350N 4 
The magnitude of the resultant force Fp is 


Fp = der 2 +(Fr)y? = 4300? + 350? = 461.0N =461N Ans, 


The angle 6 of Fr is 





l| (Fr) l 350 
tan Feel — 49 4° | 
6 = tan f E|- un E | 49 4 a Ans. 


Equivalent Resultant Couple Moment: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about point O, 


(Me ja ==M,y; (Mp)o = -750(1.25)—20 +50 £ 2.50- sof 2 
= —438 N -m = 438N -m (clockwise) Ans. 
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*4-112. Replace the two forces acting on the grinder by a Z 
resultant force and couple moment at point O. Express the F, = {10i — 15j — 40k} N 
results in Cartesian vector form. 





Equivalent Resultant Force: The resultant force Fp is given by 
Fp = EF; Fp =F, + F> 
=(10i-15j-40k)+(-15i-20j- 30k) 
=[-5i- 35j- 70k JN Ans. 


Equivalent Couple Moment: The position vectors m4 and rop are 
Wa = (0- 0i +(0.25- 0)j+ (0.1-0)k = [(0.25j+0.1k]m 
g = (0.15— 0) +(0.25- 0)j+ (0.04 -—O)k = [0.15i + 0.025j+0.04k]m 


Thus, the resultant couple moment about point O is given by 
(Mz o = Mo; (Mz )o = roa XF +rog x Fz 
i j k i j k 
=10 0.25 0.1{+{0.15 0.025 0.04 
10 -15 -15 -20 -30 
= [-8.45i + 4.90j ~ 5.125k]N -m Ans. 
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e4-113. Replace the two forces acting on the post by a 
resultant force and couple moment at point O. Express the 
results in Cartesian vector form. 


Equivalent Resultant Force: The forces Fz and Fp , Fig. a, expressed in Cartesian vector 
form can be written as 


Fz = Feu ap ee +O- |- Bj- 4k]kN 


(0-0)? +(6— 0)? +(0- 8)? 


Fp =Fotcy = 7 -M 3+ O- 6K | i2- 3-6k uN 
—— J eosa i 





The resultant force Fp is given by 
Fp = EF; Fp =F, +Fp 
=(3j-— 4k)+(2i—3j-—6k) 
= [2i — I0k]kN Ans. 





Equivalent Resultant Force: The position vectors rop and roc are 
rop ={6j} m roc =[6k]m 


Thus, the resultant couple moment about point O is given by 


(Mp ìo = Mpo; M pR )o = foB x Fg + Foc xFp 


i j k| ji j &k 
=0 6 O}+ 0 6 
3 | 3 - 


=[-6i+ 12j]KN -m Ans. 


Mr, =2M,4; 107504 = -3500(3)— 5500(17 ) — 175025) 


d= 13.7 ft Ans. 
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4-114. The three forces act on the pipe assembly. If 
F, = 50 N and F, = 80 N, replace this force system by an 
equivalent resultant force and couple moment acting at O. 
Express the results in Cartesian vector form. 


F, = IF, = {-180k + 50k — 80k} N = {-210k} N 


Mro = Lr x F) 


i j k i j k i j k 
= 1125 0 0 | +1125 05 OO] +/2 05 o| 
0 0 -1 o o -8i lo o 


= (225J) + (-401 + 100J) + (251 — 100)) 


= {-151 + 225j} N-m 





4-115. Handle forces F; and F, are applied to the electric 
drill. Replace this force system by an equivalent resultant 
force and couple moment acting at point O. Express the 
results in Cartesian vector form. 


EK, = =F; Ky = 6i-3j- 10k +2j-4k 
= {6i-1j-14k)N Ans 


Maro = EMo: 


ii j k i j k 
0.15 0 03 + l0 -0.25 03 
6 -3 -=i I s 


= 0.91 + 3.30j - 0.450k + 0.4i 


Mro = 











= {1301+ 3.30j-0.450k}N-m Ans 

Note that Fp, = — 14 N pushes the drill bit down into the stock. 

(Meo); = 130N-m and (Mko) = 3.30N- m cause the drill bit to-bend. 
(Mao). = —0.450N- m causes the drill case and the spinning drill bit to rotate about 


the z - axis. 


278 








4 Solutions 44918 1/23/09 12:04 PM Page 279 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*4-116. Replace the force system acting on the pipe 4 
assembly by a resultant force and couple moment at point O. F, = {—10i + 25j + 20k} Ib 
Express the results in Cartesian vector form. 


X 











Equivalent Resultant Force: The resultant force Fg can be determined from 
Fp = =F; Fp =F, +F, 
= (—20i — 10j+ 25k)+(—10i+25j+20k) 
= [-30i + 15j+45k] Ib Ans. 


Equivalent Resultant Couple Moment: The position vectors ro4 and rog , Figa are 
roa =(1.5-— O81 +(2- 0)j+(0- O)kK = [1.5i + 2j]ft 
rog =(1.5- 0i+(4-0)j+(2-0)Xk = [l.5i+4j+2k]ft 


Thus, the resultant couple moment about point O is 
Mw = 2Mo; Mpg )o = roa XF + rog XF2 
ij k|ļi j k 
=11.5 2 0j+|1.5 4 2 
H20 -10 25 10 25 20 
= [801 — 87.5j+ 102.5k] Ib -ft Ans. 
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e4-117. ‘The slab is to be hoisted using the three slings 
shown. Replace the system of forces acting on slings by an 
equivalent force and couple moment at point O. The force 
F; is vertical. 


Force Vectors : 
F, = {6.00k} kN 


F, = 5(-cos 45°sin 30°l + cos 45°cos 30°j + sin 45°k) 
= {—1.768i + 3.062j+3.536k} kN 


F, = 4(cos 60°i + cos 60°j + cos 45°k) 
= {2.001 + 2.00j + 2.828k} kN 


Equivalent Force and Couple Moment At Point 0: 
= (—1.768 + 2.00) i + (3.062 + 2.00)j 
+ (6.00 + 3.536 + 2.828) k 
= {0.2324 + 5.06) + 12.4k} kN Ans 
The position vectors are r) = {2i+6j} m andr, = {4i} m. 
Mp, ==My; My, =r, X F, +r, x K 
i j k i j k 
=ų|2 6 o |+ 4 0 | 
0 0O 6. -1.768 3.062 3.5 


= {36,01 -26.1j+ 12.2k} kN -m Ans 


4-118. The weights of the various components of the truck 
are shown. Replace this system of forces by an equivalent 
resultant force and specify its location measured from B. 


+ÎĘ=IF; R =-1750- 5500-3500 


: = -10750 Ib = 10.75 kip 1 


CMe, =EM,; 10750d = -3500( 3)- 5500(17)—1750(25) 








d= 13.7 ft Ans. 
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4-119. The weights of the various components of the 
truck are shown. Replace this system of forces by an 
equivalent resultant force and specify its location 
measured from point A. 








Equivalent Force : 


+1 F, =<F 


5; Fy =-1750- 5500-3500 


=-10750 Ib = 10.75 kip} Ans 
Location of Resultant Force From Point A : 
(+ Mp, ==M,; — 10750(d) = 3500(20) + 5500(6) ~ 1750(2) 


d=9,26 ft Ans 





*4-120. ‘The system of parallel forces acts on the top of the 2kN 
Warren truss. Determine the equivalent resultant force of the 
system and specify its location measured from point A. 

















+l = IF; Fp = 500 + 1000 + 500 + 2000 + 500 
Fy = 4500N =4.50kN Ans 


(Aa = EM, ; 4500(d) = 1000(1) + 500 (2) + 2000 (3) + 500 (4) 





dalm Ans 
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e4-121. ‘The system of four forces acts on the roof truss. 200 Ib 
Determine the equivalent resultant force and specify its 30° 
2751b 4 A 
a B 


location along AB, measured from point A. 
300 Ib 4ft \ O 
a | 
fo) 












1501p 4t AN XN 
AKIN AYAN 


4 ete lees 
SUr 30° 





A + Fa, = EF; Fa, = 200sin30° = 1001b 


Wte = EF; Fay = 150 + 300 + 275 + 200 cos 30° = 898.2 lb 
Fy = (100)? + (898.27 = 904b Ans 


6 = un (=) =6.35° À 


=I -635 = 23.6" Ans 
C+M = EM, ; 898.2 (d) = 4 (300) + 8 (275) + 12 cos 30° (200) 


d= 6.10ft Ans 
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4-122. Replace the force and couple system acting on the 











frame by an equivalent resultant force and specify where 
the resultants line of action intersects member AB, a 
measured from A. 

4 ft 


























































































































“hy, © EF: Fe = tso ($) + 50sin 30° = 145 ib 


+T Fry = EF; Fa, = S0cos 30° + 150 (=) = 133.3 1b 


Fy = ¥(145¥ + (133.3)? = 197 Ib Ans 


6 = tan”! =) = 42.69 £ Ans 


(Maa = EM; 145 (d) = 150 ($) (2) - $0 cos 30° (3) + 50 sin 30° (6) + $00 


d = 5.24 ft Ans 
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4-123. Replace the force and couple system acting on the 
frame by an equivalent resultant force and specify where 
the resultant’s line of action intersects member BC, 


2 ft 
measured from B. 














4 ft 





150 Ib | 


500 Ib - ft 























































































































C B 
3 ft 








3 
50 Ib 






=|33-3 Ib 


Fey 


Sh, a EF: Fe, = 150(3) + 50 sin 30° = 145 1b 


+T Fry = EF: Fry = 50 cos 3H? + 150 (2) = 133.3 1b 


Fe =y (145P + (133.3) = 197lb Ans Z ser A 
0 = tan” | =) = 42.6° < Ans b RZ Ib 


145 
C+Mra = EM, ; 145 (6) - 133.3 (d) = 150 (3) = 50 cos 30° (3) + 50 sin 30° (6) + 500 


d = 0.824 ft Ans 
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*4-124. Replace the force and couple moment system 30 kN 26 KN 
acting on the overhang beam by a resultant force, and 
specify its location along AB measured from point A. 


























Equivalent Resultant Force: Forces F, and F> are resolved into their xand ycomponents, 
Fig. a. Summing these force components algebraically along the xand y axes, 


+T(FR)y=ZFy; (FR) = -24 2) 30cos30° = -49.98kN = 49.98kN 1 


The magnitude of the resultant force Fp is given by 


Fp = frr x +(FR)y = 15? + 49.982 = 50.23KN = 50.2kKN Ans. 


The angle 6 of Fp is 


F 
p= m e = wa] S| = 84,29° = 84,3° Ans. 
Rix 


Location of Resultant Force: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about pointA, 


(Mea = EM 4;-49.98(d) = 30sin30°( 0.3) — 30.cos30°(2) —: = 03)-24 1 o)- 45 
| Ans. 


d=4.79m 
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e4-125. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant’s line of action intersects member AB, measured 


from point A. 































































































































































































I Fp, = ÈF,; Fes = 35sin 30° + 25 = 42.5 ib 


+l Fr, = IEF; Fay = 35 cos 30° + 20 = 50.31 Ib 
Fy = ¥(42.5)7 + (50.317 = 65.9 lb Ans 
_ 1 (3031) | gy go A, 
@ = tan (=F) 49.8 T ns 
Mea = EMa; 50.31 (d) = 35 cos 30° (2) + 20 (6) - 25 (3) 


d = 2.10 ft Ans 
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4-126. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant’s line of action intersects member BC, measured 


from point B. 






















































































































































































> Fa, = EF; Fay = 35sin 30° + 25 = 42.5 1b 


+da, = EF; Fry = 35 cos 30° + 20 = 50.31 1b 


Fa = ¥(42.5)* + (50.31F = 65.91b Ans 


@ = un! ($E) = 49.8 Y Ans 


CMa = EM, : 50.31 (6) = 42.5 (d) = 35 cos 30° (2) + 20 (6) - 25 (3) 





d=462f Ans 


hy 50.31 \b 
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4-127. Replace the force system acting on the post by a 
resultant force, and specify where its line of action 
intersects the post AB measured from point A. 





Equivalent Resultant Force: Forces F, and F> are resolved into their xand ycomponents, 
Fig. a. Summing these force components algebraically along the xand y axes, 





*E(FR)y =I; (FR) = asf $)- 500.cos 30° — 300 = -533.01 N =533.01N © 





+ TFR) =EF; (Fr) = soosinso® -25o 3} = 100N T 





The magnitude of the resultant force Fp is given by 


Fp = der + (Fp )y? = {533.012 + 100° = 542.31 N =542N Ans. 


The angle 6 of Fp is 





= n! Ry | “{)- one Me 
ð = tan faa tan 333 01 = 10.63° = 10.6 -a Ans, 


Location of the Resultant Force: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about pointA, 


(m Ra ==M,; 533.01(d) = 500 0%30°(2)- so0sin300:2) -250 $\0.9- d$ 3001) 
d = 0.8274 mri = 827 mm Ans. 


WS ERG 


PH. Fog 


Gi 
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*4-128. Replace the force system acting on the post by a 
resultant force, and specify where its line of action 
intersects the post AB measured from point B. 








Equivalent Resultant Force: Forces F; and F> are resolved into their xand ycomponents, 
Fig. a. Summing these force components algebraically along the xand yaxes, 





t Elg) =F; (Fri = d$) 500008s30° — 300 = -533.01 N =533.01N <— 





+T(FR ly = ZF; (FR )y = s00sin30° -25 2 }=100N T 


The magnitude of the resultant force Fp is given by 


Fr = Ler Jy? + (Fy? = 1583.01? + 100? = 54231N =542N 


The angle @ of Fp is 


_}| (Fr) -1[ 100 
A= l pelt A = E — A a = a o 
tan e| tan 333.01 10.63° = 10.6 


Location of the Resultant Force: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about point A, 


(HMR) =EMp; -533.0 (d) = —500.cos 30°% 1) — s00sin30%02)~254{ 210.3- 300 2) 
d=2.17m Ans. 


e4-129. The building slab is subjected to four parallel 
column loadings. Determine the equivalent resultant force 
and specify its location (x, y) on the slab. Take F4 = 30 KN, 


F» = 40 KN. sone SEN 


+TR==R; Fp =-30-50-30-40=-140kN=140kN1L Ans 
(Mr) =EM,; —140y=—-50(3)—30(11)—40(13) 

y=7.14m 

140x = 50(4) + 20(10)-+ 40(10) 


x=5.71m 
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4-130. The building slab is subjected to four parallel 
column loadings. Determine the equivalent resultant force 
and specify its location (x, y) on the slab. Take F4 = 20 kN, 


20kN SOKN 


+tF, = EF; Fy = 20 + 50 + 20+ 50 = 140 KN 


Mp y = EM,; 1403) = (50)(4) + 20(10) + 50(10) 
x= 643 m 
~140(y) = —(50)(3) - 20(11) — 5013) 


y= 729 m 





4-131. The tube supports the four parallel forces. z 
Determine the magnitudes of forces Fç and Fp acting at C Fp 
and D so that the equivalent resultant force of the force 
system acts through the midpoint O of the tube. 


Since the resultant force passes through point O, the resultant moment components 
about x and y axes are both zero. 


IM,=0;  Fp(0.4) + 600(0.4) - F-(0.4) - 5000.4) =0 


Fe- Fp = 100 (1) 





IM, =0; 500(0.2) + 600(0.2) - F-(0.2) — Fp(0.2) =0 
Fo + Fp = 1100 (2) 


Solving Eqs.(1) and (2) yields : 


Fe = 600 N Fp = 500 N Ans 
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*4-132. Three parallel bolting forces act on the circular 
plate. Determine the resultant force, and specify its 
location (x, z) on the plate. F4 = 200 lb, Fg = 100 lb, and 
Fç = 400 lb. 





Equivalent Force : 


R = LF; - F = —400- 200-100 
F, = 700 lb Ans 


Location of Resultant Force : 


Ma, ==M,;  700(z) = 400( 1.5) — 200( 1.5sin 45°) 
= 100( 1.5sin 30°) 





z= 0.447 ft Ans 
Mp, =2M,;  ~-700(x) = 200(1.5cos 45°) — 100( 1.5cos 30°) 


x=-0.117 ft Ans 
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e4-133. ‘The three parallel bolting forces act on the circular 
plate. If the force at A has a magnitude of F4 = 200 Ib, 
determine the magnitudes of Fp and Fç so that the resultant 
force Fr of the system has a line of action that coincides with 
the y axis. Hint: This requires ÈM, = Oand ÈM, = 0. 


Since F, coincides with y axis, Mp =M}, =0. 
Mp, ==M,; 0=200(1.Scos 45°) = F (1.5cos 30°) 
F = 163.30 tb = 163 lb 
Using the result Fy = 163.30 lb, 


M, ==M,; 0=F,(1.5)-200(1.Ssin 45°) 
= 163.30(1.5sin 30°) 


Ang 


4-134. If F, = 40 KN and Fg = 35 KN, determine the 
magnitude of the resultant force and specify the location of 
its point of application (x, y) on the slab. 


Equivalent Resultant Force: By equating the sum of the forces along the zaxis 
to the resultant force Fp ,F& b, 
+ T Fp = EF; -Fp = -30- 20- 90- 35- 40 

Fr = 215kN 


Point of Application: By equating the moment of the forces and Fp, 

about the x and y axes, 

(Mp), = IM; —215y) = —35(0.75) — 300.75) — 90(3.75) — 20(6.75) — 40( 6.75) 
y=3.68m Ans. 


(Mp dy 7 IMy; 215(x) = 300.75) + 20(0.75)+ 90(3.25) + 3595.75) +40(5.75) 
x=3.54m Ans. 
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4-135. Ifthe resultant force is required to act at the center 
of the slab, determine the magnitude of the column loadings 
F; and Fz and the magnitude of the resultant force. 


Egvivalent Resultant Force: By equating the sum of the forces along the zaxis 
to the resultant force Fp , 
+T Fp = IF; -Fp = -30- 20- 90— F4 -Fp 

Fr = 140+ F4 +Fg (1) 


Point of Application: By equating the moment of the forces and Fp , 

about the x and y axes, 

(Mp), = 2M;,; —F p(3.75) = -Fp (0.75) — 30(0.75 )— 90(3.75) —20(6.75) — F4 (6.75) 
Fr = 0.2 Fp +1.8F 4 + 132 (2) 


(Mr)y =2My; Fp (3.25) = 30( 0.75) +20(0.75) + 90(3.25)+ F4 (5.75) + Fg( 5.75) 
Fp = 1.769F, +1.769Fp + 101.54 (3) 


Solving Eqs. (1) through (3) yields 
F4 =30kN Fg = 20 KN Fp = 190KN 





*4-136. Replace the parallel force system acting on 
the plate by a resultant force and specify its location on the 
x-z plane. 





Resultant Force: Summing the forces acting on the plate, 





(Fr )y = Fy; Fp = -5kN-2KN —3KN 
= -10KN Ans. 


The negative sign indicates that Fp acts along the negative y axis. 


Resultant Moment: Using the right - hand rule, and equating the moment of Fr 
to the sum of the moments of the force system about the x and z axes, 


(Mr), = 2M,; (10 KN)(z) =(3 KN)(0.5 m) + (5 KN)(1.5 m) + 2 KN(2.5 m) 
z=1.40m Ans. 
(MR): = =M,; —(10 KN)(x) = -(5 KN)(0.5 m) —(2 KN)(1.5 m) — (3 KN)(1.5 m) 
x= 1.00 m Ans. 
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04-137. If Fy, = 7KN and Fz = SKN, represent the force 
system acting on the corbels by a resultant force, and 
specify its location on the x-y plane. 





Equivalent Resultant Force: By equating the sum of the forces in Fig. a along the zaxis 
to the resultant force Fp , Fig. b, 


+ T Fr = YF,; -FR =-6-5-7-8 
Fr = 26 kN Ans. 


Point of Application: By equating the moment of the forces shown in Fig. a and Fr, Fig. b, 


about the x and y axes, 
(Mr), = Mz; -26y) = 6(650) + 5(750) — K600) — 8(700) 
y = 82.7 mm Ans. 
(MR)y = 2M y; 26(x) = €100) + 7(150) — 5(150) —8(100) 
x = 3.85 mm Ans. 
Z 


a 
Mi 
X 
i 

il 
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4-138. Determine the magnitudes of F, and Fz so that 
the resultant force passes through point O of the column. 





Equivalent Resultant Force: By equating the sum of the forces in Fig. a along the zaxis 
to the resultant force Fp, Fig. b, 
+ T Fr = FF; -FR =—F, — Fg -8-6 

Fr = F4 + Fg +14 (1) 


Point of Application: Since Fp is required to pass through point O, the moment of Fp about 
the x and y axes are equal to zero. Thus, 


(Mr), = M; 0 = Fp (750) + & 650) — F4 (600) — & 700) 
750F p — 600F 4 — 1700 = 0 (2) 

(Mp)y = My; 0 = Fy (150)+6(100) — Fg (150) - 8(100) 
150F 4 — 150Fg + 200= 0 (3) 


Solving Eqs. (1) through (3) yields 
F, =18.0kN Fp = 16.7KN Fr = 48.7 KN Ans, 
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4-139. Replace the force and couple moment system z 
acting on the rectangular block by a wrench. Specify the 

magnitude of the force and couple moment of the wrench 

and where its line of action intersects the x-y plane. 





Equivalent Resultant Force: The resultant forces F}, Fz, and F3 expressed in Cartesian 600 lb-ft 
vector form can be written as F} = [600j] lb, Fy = [450i] Ib, and F3 = [300k] lb. The 









force of the wrench can be determined from a 
Fr =F; Fp =F, + Fo +F; 2 ft 
=600j- 450i + 300k = [-450i + 600j+ 300k | Ib Pa 
Thus, the magnitude of the wrench force is given by xX 3 ft 
| 2 2 2 2 2 2 E g 
FR = AFR) +(FrR)y +(FR)z = 4-450)" +600” + 300° = 807.77 1b =808 Ib Ans. 
300 Ib 
Equivalent Couple Moment: Here, we will assume that the axis of the wrench 
passes through point P, Figs. a and b. Since My, is collinear with Fẹ, 
—450i + 600j + 300k 
My =Myar, = My| = — — E 
| {—450) + 600° +300 
= —0.5571M „i + 0.7428M „j + 0.3714M „k 
The position vectors rp4 , rpp , and rap are 
rpa = (0- x)i+(4-y)j+(2- Ok = —x+(4—- y)j+2k 
rpp = (3—xji+(4— y)j+(0-0)k =(3-x)i+(4-y)j 
rac =(3- x)i+(4—y)j+(2- Ok = (3- xj + (4-— y)j+ 2k 
The couple moment M expressed in Cartesian vector form is written as M = [600i] Ib- ft 
Summing the moments of F}, Fz, and F3 about point P and including M, 
My = Mp; My = rp4 xF] +r xF + rpg xF; +M 
i j «k i j &k i j k 
-0.5571M „i +0.7428M „j+ 0.3714M „k =j-x (4-y) H+K3-x) (4-y) 2+ {3-x) (4-y) 0 + 600i 
0 600 —450 0 0 0 0 3 


~0.5571M,, i+ 0.7428M „j+ 0.3714M „k = (600 — 300y)i + (300x — 1800)j + (1800— 600x- 450y)k 


Equating the i, j, and k components, 


-0.5571M,, = 600 — 300y (1) 
0.7428M,, = 300x— 1800 (2) 
0.3714M „ = 1800 ~ 600x- 450y (3) 


Solving Eqs. (1), (2), and (3) yields 
x= 3.52ft y=0.138ft My = -10031b -f Ans. 


The negative sign indicates that My acts in the opposite sense to that of Fp . 
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*4-140. Replace the three forces acting on the plate by a 
wrench. Specify the magnitude of the force and couple 
moment for the wrench and the point P(y, z) where its line 
of action intersects the plate. 








Resultant Force Vector : 


F, = {—40i - 60j - 80k} Ib 


F, = 4 (-40)? +(-60)? +(—80)? = 107.70 b= 108 Ib Ans 


—40i - 60j - 80k 
Up, = ~~ 107.70 Solving Eqs.[1], [2]. and [3] yields : 
= -0.3714 —0.5571j-—0.7428k 
Mj M, = -624 lb-ft z=8.69f y=0.414ft Ans 


Resultant Moment: The line of action of Mg of the wrench is parallel to oe : l E 
the line of action of Fp. Assume that both M, and Fp have the same The negative sign indicates that the line of action for My, is directed in the 


sense , Therefore, uy, = ~0.3714i - 0.5571j-0.7428k. opposite sense to that of Fy. 
(Mp), =EM,-;  —0.3714M, = 60(12~z) + 80y u 
(Mp), =IM,-;  —0.5571Mp = 402 (2) 
(My), =EM,;  —0.7428Mp = 40(12-y) (3] 
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e4-141. Replace the three forces acting on the plate by a z F; = {800k} N 
wrench. Specify the magnitude of the force and couple 7 

moment for the wrench and the point P(x, y) where its line 
of action intersects the plate. 


F4 = {500i} N 





F, = {500i + 300j + 800k} N 


F, = y (500)? + (300)? + (800)? = 990 N Ans 


Ure = {0.5051i + 0.3030) + 0.8081k} 

My, = =M,;; Mpg, = 800(4-y) 

Mp; = IM,.; Mp, = 800x 

Mp; = IM,; Mp, = 500y + 300(6-x) 


Since M, also acts in the direction of Upg, 
M, (0.5051) = 800(4—y) 
Mp (0.3030) = 800x 


M, (0.8081) = 500y + 300(6-x) 


M, = 3.07 kN-m Ans 
i "x = 116m Ans 
y = 2.06m Ans 
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4-142. Replace the distributed loading with an equivalent 15 kN/m 
resultant force, and specify its location on the beam 
measured from point A. 











Loading: The distributed loading can be divided into four parts as shown in Fig. a. The magnitude and location 
of the resultant force of each part acting on the beam are also indicated in Fig. a. 
Resultants: Equating the sum of the forces along the y axis of Figs. a and b, 


+1 Fp = LF y; Fp = L 15\3)+ <(5(3)+ 1(3)+ =(10X3) =75kN 1 Ans. 
If we equate the moments of Fp , Fig. b, to the sum of the moment of the forces in Fig. a about point A, 


( +(Mp)4 =Ma; -7542)= = (15)3X1)— 5(5X3X1)- 10(3X(1.5)- (10X34) 
x =1.20m Ans. 


TUD) KN 


10(3) KN 
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4-143. Replace the distributed loading with an equivalent 8 kN/m 
resultant force, and specify its location on the beam 
measured from point A. 








Loading: The distributed loading can be divided into three parts as shown in Fig. a. 
Resultants: Equating the sum of the forces along the y axis of Figs. a and b, 


+ | Fp = EF; Fr = FOD +F) A(3)=30kN 4 Ans. 
If we equate the moments of Fp , Fig. b, to the sum of the moment of the forces in Fig. a about point A, 


(+ (Me yg =Ma; ~30F)= -F (8X32) -FBW - 40X45) 
(x) =3.4m Ans. 
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*4-144, Replace the distributed loading by an equivalent 
resultant force and specify its location, measured from 
point A. 





+4 Fr=iF;, Fr =1600+900 + G00 = 3100 N 


Fz = 3.10 KN J Ans 





1.600 N SOON oN 
AM, = EMa: (3100) = 1600(1) + 900) + 6000.5) 1} 


x=206m 





e4-145. Replace the distributed loading with an Wo Wo 
equivalent resultant force, and specify its location on the 
beam measured from point A. 








Loading: The distributed loading can be divided into two parts as shown in Fig. a. The magnitude and location 
of the resultant force of each part acting on the beam are also shown in Fig. a. 
Resultants: Equating the sum of the forces along the y axis of Figs. a and b, 


+ | Fp = =F; Fp = Sw 5] +d 5 = wok 4 Ans. 


If we equate the moments of Fp , Fig. b, to the sum of the moment of the forces in Fig. a about point A, 


L l L2 
(+ (Mp )4 =IM4:; -5 woLG)= -iw EE) -4 F (31) 


= 
12 


yz L Ans. 





(b) 
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4-146. The distribution of soil loading on the bottom of 
a building slab is shown. Replace this loading by an 
equivalent resultant force and specify its location, measured 
from point O. 


O 











50 lb/ft 100 Ib /ft 


300 Ib /ft 
+4 Fe = EF; Fa = 5012) + 4(250)(12) + 4 ft 











+ 5(200)(9) + 100(9) 


= 3900 Ib = 3.90 kip t © 


& + Mao = EMo; 3900A) = 50(12)(6) + 4 (250)(12(8) 


+ $(200)@)(15) + 100(9)(16.5) = (200}9) Ib 


d=l13 ft 





4-147. Determine the intensities wq and w» of the 1.5 ft 


distributed loading acting on the bottom of the slab so that i i 
this loading has an equivalent resultant force that is equal 300 Ib /ft 
but opposite to the resultant of the distributed loading 
acting on the top of the plate. 

B 


Wi 


W2 


Iaf 
_ bof, 
2h poo 30006) Ib! £.(300)01-5) Ib 


rs leis S 
\ l) 


ae d d LIN 
S aee 
= o Í À __ }w, 
es ee 


W005) | Lue wr UOS) 


TeFe 2 EF; O= w (10.5) + ; (wy = w) (10.5) = 5 (300) (3) - 31006) - 5 (300) (1.5) 
w + Ww, = 471.429 (1) 


Ghea = EMi; O= wi (10.5)(5.25) + È (w = mi) (10.9) - 5 (300) (3) (2) 
Solving Eqs. (1) and (2), 


- 300 (6) (6) - 5 (300) (1.5) 9.5) 
w = 190 b/ft Ans 


w + 2w, = 753.061 (2) Ww, = 282 b/f Ans 
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*4-148. The bricks on top of the beam and the supports 
at the bottom create the distributed loading shown in the 
second figure. Determine the required intensity w and 
dimension d of the right support so that the resultant force 
and couple moment about point A of the system are 
both zero. 


Require F, = 0. 


+T =F; O0=wd+37.5-300 
wd = 262.5 (1) 


Require Mp, = 0. 
d 
(+ Mp, =EM,;  0=37.5(0.25) +wd(3- 5 )- 30002) 
wd- 2 = 590.625 [2] 


Solving Egs.[1] and [2] yields 


d= 1.50 m w= 175 N/m Ans 
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e4-149. ‘The wind pressure acting on a triangular sign is 
uniform. Replace this loading by an equivalent resultant 
force and couple moment at point O. 



































= 









[o+ zíi2 y|m 







Pa 
ZO2Z)U2 ISON 
Lit Za2y)m 


Fa = = (1.2) (1.2) (150) 
Fe = (- 108i} N Ans 
2 i 
Mao = - (1502) (108) j - (0.1+5(1.2)) (108) 


Mao = [- 194) - Sk} N-m Ans 
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4-150. The beam is subjected to the distributed loading. 5 b : 
Determine the length b of the uniform load and its position 40 Ib /ft 
— a 


a on the beam such that the resultant force and couple 
moment acting on the beam are zero. 





Require Fp =O. i 60 Ib /ft 














++ Fr=ZFy 0 = 180—405 
b= 4,50 ft 
Require Mg, = 0. Using the result b = 4.50 ft, we have - 


Ñ #Ma, =EMa; O= 180(12) = 40(4.50) { a + =) 


ao 9.75 ft 


> (60) (6) = 180 Ib 





4-151. Currently eighty-five percent of all neck injuries 
are caused by rear-end car collisions. To alleviate this 
problem, an automobile seat restraint has been developed 
that provides additional pressure contact with the cranium. 
During dynamic tests the distribution of load on the 
cranium has been plotted and shown to be parabolic. 
Determine the equivalent resultant force and its location, 
measured from point A. 









w = 12(1 + 2x”) lb/ft 


: 03 
Fr = [wod = J 12 (1427) de = 12 [x + n aTh Am 
a Pal oe 
_ xwe a [zaa +2) dx 12 7 +07 
x= wey = ———— m - 


x= O0.268ft Ans 
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*4-152. Wind has blown sand over a platform such that w 
the intensity of the load can be approximated by the p” 500 N/m E Hes 
function w = (0.5x°) N/m. Simplify this distributed loading L- 
to an equivalent resultant force and specify its magnitude 


and location measured from A. = 
= Ww = (0. 5x°) N/m 
wax i) 
n l HULL 
; = RAAE 


= faa - je seas 


1 
7 — 


= 1250N 








FM = 1.25 kN 


fada = J sade 


e4-153. Wet concrete exerts a pressure distribution along 
the wall of the form. Determine the resultant force of this 
distribution and specify the height where the bracing strut 
should be placed so that it lies through the line of action of 
the resultant force. The wall has a width of 5 m. 






































Equivalent Resultant Force : 


+ = 26; -R =-f da =-f'wad 


” f (i) 10°) de 


= 106.67(10°) N=107KN + = Ans 


Location of Equivalent Resultant Force : 


za az% fi zwdz 
ES Tan ~ Tewde 
h i a 


f° (2823) (10) ae 
S [0 (10%) Jae elo 
= =| Z0 TT 
fiT (2028) (10%) de ee 
0 
=2.40m 


h=4=-7=4-2,40 = 1.60m 
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4-154. Replace the distributed loading with an equivalent w 
resultant force, and specify its location on the beam | 
measured from point A. 





im l 








Resultant: The magnitude of the differential force dF p is equal to the area of the element shown 
shaded in Fig. a. Thus, 


l.. 9 x? 
dFR =w dt =o ~x) dx = e dr 


Integrating dFp over the entire length of the beam gives the resultant force Fp. 


4m( 2 E a 
+1 FR =| dF p -Í Š- 4r+ 8 | de =| >- 2r? +8x 
L 0 2 6 
= 10.667KN =10.7KN 4 Ans. 


Location. The location of dFp on the beam is x, = x, measured from point A. Thus, the location x of 
Fp measured from point A is 


m 
4 3 
x? x Ax 2 
oa — oe + A | 
10.667 10.667 
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4-155. Replace the loading by an equivalent resultant 50 lb/ft 
force and couple moment at point A. 50 lb/ft 











F,=/50 Ib 





3ft 
F a OGO = 150 1b 


Fy = (6) (50) = 300 ib l 

A = (4)(50) = 200 b H 

Fa = EF, 3 Fas = 150 sin 60° + 300 sin 60° = 389.71 Ib | > i j f 
(600560°+2) ft E =4251b 

+\ Fa = IF, ; Fay = 150 cos 60° + 300 cos 60° + 200 = 425 lb a 


Fe = /(389.71P + (425 = 577b Ans 


d = tan”! GE) = 41.5 X Ans 


(Men = EMa; Mra = 150 (2) + 300 (3) + 200 (6 cos 60° + 2) 


= 2200 ib. ft=2.20kip: ft } Ans 
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*4-156. Replace the loading by an equivalent resultant 50 Ib /ft 
force and couple moment acting at point B. 50 lb/ft 








360560° +4) ft 









A= ; (6) (50) = 150 1b 
F = (6)(50) = 300b 
F = (4) (50) = 200b 
`> Fre = ZF,; Fa, = 150 sin 60° + 300 sin 60° = 389.71 b 
+tFa, = EF; Fay = 150 cos 60° + 300 cos 60° + 200 = 425 Ib 
Fa = (389.71) + (4252 = 577ib Ans 
425 

@= an! (——_) -2 

un (az) 41.5° Ç Ans 
(Mes = EMa; Mas = 150 cos 60° (4 cos 60° + 4) + 150 sin 60° (4 sin 60°) 


+ 300 cos 60° (3 cos 60° + 4) + 300 sin 60° ( 3 sin 60°) + 200 (2) 


Men = 2800: ft =2.80kip- tY Ans 
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e4-157. The lifting force along the wing of a jet aircraft 

consists of a uniform distribution along AB, and a 

semiparabolic distribution along BC with origin at B. 2880 Ib /ft 
Replace this loading by a single resultant force and specify 

its location measured from point A. 


w = (2880 — 5x2) lb/ft 











Equivalent Resultant Force: 


+TR=IF; Fe =34560+) wdx 
D 


Fy = 34560+ { HAN 2880- 5x*) dx 
0 


= 80640 lb = 80.6 kip T Ans 


f 
Location of Equivalent Resultant Force : 


ZEBOUZ, MEE |b df=dA 
(+ Mp. = =M, ; 


80640 = 34560(6) + |" (x+ 12) wdx 
0 
p 24ft z 
806407 = 207360+ Í (x+ 12) (2880- 5x) dx 
Lè] 


24ft 3 2 
806407 = 207360+ |. ( -Sx’ - 60x? + 2880x + 34560) dx 


z= 14.6 ft Ans 


4-158. The distributed load acts on the beam as shown. 
Determine the magnitude of the equivalent resultant force 
and specify where it acts, measured from point A. w = (—2x2 + 4x +16) lb/ft 


Hb, 


p 








Fa = [wade = J°(-22 + 4x + 16)dr = 53.333 = 533b Ans 


[awadi J'x(-22 + 4x +16) dr 


X = == FF 1.60 ft A 
| wx) dr 53.333 
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4-159. The distributed load acts on the beam as shown. w 
Determine the maximum intensity Wmax. What is the 
magnitude of the equivalent resultant force? Specify where w = (—2x2 + 4x + 16) lb/ft 


it acts, measured from point B. HL 
4 (tp. 




































- 4 ft - 


Z =-4r+4 20 


xz=l 


Wear = ~2(1)? +4(1)+16= 18 lb/ft Ans 
Fr = |wa)dr = |‘(-22 + 42+ 16)de = 53.333 = 53.31 Ans 


- Jxwt) dx [ix(-22 +4x+ 16) de 
r= T ee 


2 1.60 ft 
[ma a 53.333 z 





So that from B, 


#=4-1.6€0=2.40ft Ans 
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*4-160. The distributed load acts on the beam as shown. 
Determine the magnitude of the equivalent resultant force 
and specify its location, measured from point A. 


w= (-2£x2 +x + 4) lb/ft 














; 10 ft - 





Fa = | wia) de = j*(-<2 + Za + 4)ds = 52.22 = 5221b Ans 


10 2 17 
femode f -57ta 244.44 


ya hoe = 


x= 4.68 ft Ans 





312 








4 Solutions 44918 1/23/09 12:04 PM Page 313 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e4-161. If the distribution of the ground reaction on the 
pipe per foot of length can be approximated as shown, 
determine the magnitude of the resultant force due to this 
loading. 







25 lb/ft 


= ~w = 25 (1 + cos 0) lb/ft 


50 Ib /ft 


Resultant Components: The magnitude of the differential force dF p is equal to the area of the element shown 
shaded in Fig. a. 
dF p = wr dô = 25(1+ cos@ (2.5 dO) = 62.5(1 + cos@) dé 


The horizontal and vertical components of dF p are given by 





+ (d’g)y = dp sinO = 62.41 +c0s 8 )sind 40 = 024 sind + sn? a 
+T (Fp)y = Fp 0080 = 62.5(1 + 0080 )o0s 0d0 = 62.4 css + See dð 


Integrating (dF p )x and (dF )y from 8 = = rad to @ = = rad gives the horizontal and vertical components of the 














resultant for F p . 

riz : i2 
(FRx = 62.4 sind + sin 20 } a0 = 62.{ -000 - 22 | =0 

-ni2 2 4 <a 

x12 cos 28 +1 sin20 1, W7 x 
+ T (Fr Vy =| 62.4 cod pat a0 = 62.4 sind + +—6 = 625 2+ Z )= 223.171 T 
Thus, 
Fr = (Fg )y = 223.17 lb = 223 Ib T Ans. 
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4-162. The beam is subjected to the parabolic loading. 
Determine an equivalent force and couple system at 
point A. 


400 Ib /ft 


w = (25 x°)lb /ft 


+Th=IF; fh =-] da =-|'wdr 


F; =- f" (25:7) as 
0 
= —§33.33 lb = 533 Ib L 


G oa, = 2g; M, =f 4-3 wds 
= f°" (4-x) ( 25x") de 


= {= 25x? 4100x") dr 
= 533 Ib- ft (Counterclockwise) 





4-163. ‘Two couples act on the frame. If the resultant 
couple moment is to be zero, determine the distance d 
between the 100-Ib couple forces. 



























































(+ Me =0= EM; 02 100 cos30°(d) -$ 150)(4) 

















d=554f Ans 
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*4-164. Determine the coordinate direction angles a, B, y 


of F, which is applied to the end of the pipe assembly, so 
that the moment of F about O is zero. 


Require Mo = 0. This happens when force F is directed along line OA either 
from point O to A or from point A to O. The unit vectors u,, and u, gare 


- (6-O)i +(14-0)j+(10-O)k 


Ui n 
ef (6-0)? +(14~-0)? + (10-0)? 


= 0.3293 + 0.7683] + 0.5488k 





a = cos~'0.3293 = 70.8° 
B = cos~'0.7683 = 39.8° 
y = cos” '0.5488 = 56.7° 





7 (0-—6)i+(0-14)j+(0-10)k 


y (0-6)? +(0— 14)? +(0— 10)? 


= —0.3293i -0.7683j —0.5488k 


Yao 


a = cos" (-0.3293) = 109° 
B= cos” (-0.7683) = 140° 
y = cos '(-0.5488) = 123° 





e4-165. Determine the moment of the force F about point 
O. The force has coordinate direction angles of a = 60°, 
B = 120°, y = 45°. Express the result as a Cartesian vector. 


F = 20 lb 


Position Vector And Force Vectors : 


Toa = {(6-0)1+(14-0)j+(10-—0) k} in. 
= {6i + 14j+ 10k} in. 


F = 20(cos 60°i +cos 120°j+ cos 45°k) Ib 
= {10.01 — 10.0) + 14. 142k} Ib 








Moment of Force F About Point O : Applying Eq.4—7, we have 
Mo = Fo, xF 
i j k 
=| 6 14 10 | 
10.0 -10.0 14.14 


= {298i + 15.1j—200k} lb- in Ang 
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4-166. The snorkel boom lift is extended into the position 
shown. If the worker weighs 160 lb, determine the moment 
of this force about the connection at A. 


M, = 160(2+ 25 cos 50°) = 2891 b-ft = 2.89 kip- ft $ Ans 


4-167. Determine the moment of the force Fc about the 
door hinge at A. Express the result as a Cartesian vector. 


Position Vector And Force Vector: 
raa = {([-0.5 ~(-0.5) i+ [0=(-1)]j+(0-0)k} m= {lj} m 
(-0.5 — (=2.5)] i+ (0=[~(1+ 1.Scos 30°)]}j+(0- 1. 5sin 30°) k 


F- = a | 
[-0.5 —(-2.5) |? + {O—[=(1 + 1.5cos 30°)] F + (O0= 1.Ssin 30°)? 
= {159.331 + 183.15j-59.75k} N 


Moment of Force F- About Point A : Applying Eq.4—7, we have 
M, = rag F 
i i k 
=| 0 1 0 
159.33 183.15 -59.75 


= {~59,7i- 159k} N-m 


*4-168. Determine the magnitude of the moment of the 
force Fç about the hinged axis aa of the door. 


rag = {[-0.5—(-0.5)]i+[0~(-1)]j+(0-0)k} m= {1j} m 


. of (0.5 —(-2.5)] i+ {0-[-(1 + 1.5cos 30°)]}j+ (0-1. Ssin 30°) k | N 


y{-0.5-(-2.5)}? + (0—[—(1+ 1.5cos 30°)] }? +(0= 1.5sin 30°)? 


= {159.33i + 183.15} - 59.75k} N 


Moment of Force Fo About a- aAxis : The unit vector along the a~a axis is i. 
i .4-]1, ve 
Applying Eq.4=-11, we ha Mg =i- (raa X Ee) 
l 0 0 


=| 0 l 0 
159.33 183.15 =59.75 


= 1{1(-—59.75) —( 183.15) (0)] -0+0 
=-59.7 N-m 


The negative sign indicates that M,_,is directed toward negative x axis. 
M,- =29.7N-m Ans 
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e4-169. Express the moment of the couple acting on the 
pipe assembly in Cartesian vector form. Solve the problem 
(a) using Eq. 4-13 and (b) summing the moment of each 
force about point O. Take F = {25k} N. 


_a) Me = ray (25k) 
i j k (b) 
= /-0.35 -02 o 


A ò i j k i j k 
= |03 02 O| + |065 04 0 
0 0 0 0 - 


Mc = {-51+ 8.75J} N-m 


Me =fos* (25 k) + roa xX (=25 k) 


Mc = (5-10) i + (-7.5 + 16.25) J 


Me ={-5i + 8.75 j} Nm Ans 


4-170. If the couple moment acting on the pipe has a 
magnitude of 400 N-m, determine the magnitude F of the 
vertical force applied to each wrench. 


Mc = rax (Fk) 
i j k 
= |-0.35 -02 0 

0o 0 


Me = {-0.2F i + 0.35F j} N-m 


Me = ¥(-02F)? + (0.35F)? = 400 


Fa —— O_N 


(-0.2)? + (0.35)? 
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4-171. Replace the force at A by an equivalent resultant 
force and couple moment at point P. Express the results in 
Cartesian vector form. 


P = ao eA} -soi - soy + sour an 


JOB + (-8F +48 











i j & 
Map = IMp = | 2 i4 =] 
-80 -8 4 











= (- 240i + 720) + 9%0k}ib: ft Ans 








*4-172. The horizontal 30-N force acts on the handle of 
the wrench. Determine the moment of this force about 
point O. Specify the coordinate direction angles a, B, y of 
the moment axis. 








Position Vector And Force Vectors : 


The magnitude of Mo is 
Foa = {(-0.01 -0)i+(0.2~0)j+(0.05~-0)k} m 


= {-0.01i +0.2j+0.05k} m Mo = V1.0612 + 1.0612 + (4.031)? = 4.301 N -m 


F = 30(sin 45°i -cos 45°j) N ee 
= {21.2131 -—21.213j} N The coordinate direction angles for Mg are 


Moment of Force F About Point O : Applying Eq.4—7, we have a= cos” (=n: Ans 
1.061 
Mo = Fo, XF cos ( it gy Ans 
; j k -4.031 
=| -0.01 02 005 Jaa (Sa) 160° Ans 


21.213 —21.213 0 


= (1.0611 + 1,061j—4.031k} N -m 
= {1.061 + 1.06j~4.03k} N -m Ans 
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e4-173. The horizontal 30-N force acts on the handle of 
the wrench. What is the magnitude of the moment of this 
force about the z axis? 











Position Vector And Force Vectors : 


taa = (~-0.011+0.2j} m 
Toa = {(-0.01 -0)i+(0.2-0) j+(0.05-0)k} m 
= {-0.01i +0.2j+0.05k} m 


F = 30(sin 45° -cos 45°}) N 
= {21.2131-21.213j} N 


Moment of Force F About z Axis : The unit vector along the z axis is k. 
Applying Eq.4— 11, we have 


M, =k-(r,, x F) 
0 0 l 
-0.01 0.2 o 


21.213 -21.213 


= 
<ir 





=0-0+ 1[(-0.01) (—21.213) - 21.213(0.2)] 


= -4,03 N-m Ans 
Or 
M,=k-(rg, x F) 
0 0 l 
=| -0.0 0.2 0.05 
21.213 =21.213 0 








= 0-0+ 1[(-0.01) (—21.213) —21.213(0.2)] 
=-—4,03 N-m Ans 


The negative sign indicates that M, is directed along the negative z axis. 
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e5-1. Draw the free-body diagram of the 50-kg paper roll 
which has a center of mass at G and rests on the smooth 
blade of the paper hauler. Explain the significance of each 
force acting on the diagram. (See Fig. 5—7b.) 





The Significance of Each Force : 
W is the effect of gravity (weight) on the paper roll. 


N, and Ng are the smooth blade reactions on the 
paper roll 





5-2. Draw the free-body diagram of member AB, which is 
supported by a roller at A and a pin at B. Explain the 
significance of each force on the diagram. (See Fig. 5—7b.) 








N, force of plane on roller, 
B,, B, force of pin on member. 
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5-3. Draw the free-body diagram of the dumpster D of the 
truck, which has a weight of 5000 Ib and a center of gravity 
at G. It is supported by a pin at A and a pin-connected 
hydraulic cylinder BC (short link). Explain the significance 
of each force on the diagram. (See Fig. 5-7b.) 


The Significance of Each Force : 
W is the effect of gravity (weight) on the dumpster. 
A, and A, are the pin A reactions on the dumpster. 


Fac is the hydraulic cylinder BC reaction on the dumpster. 


*5—4. Draw the free-body diagram of the beam which 
supports the 80-kg load and is supported by the pin at A and 
a cable which wraps around the pulley at D. Explain the 
significance of each force on the diagram. (See Fig. 5—7b.) 





T force of cable on beam. 
A,, A, force of pin on beam. 
80(9.81)N force of cable on beam. 


B0(F8I) N 





321 








5 Solutions 44918 1/23/09 5:11 PM Page 322 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e5-5. Draw the free-body diagram of the truss that is 
supported by the cable AB and pin C. Explain the significance 
of each force acting on the diagram. (See Fig. 5—7b.) 








The Significance of Each Force : 


C, and C, are the pin C reactions on the truss. 
Tyg is the cable AB tension on the truss. 


3 KN and 4 kN force are the effect of external applied forces on 
the truss. 


5-6. Draw the free-body diagram of the crane boom AB 
which has a weight of 650 lb and center of gravity at G. The 
boom is supported by a pin at A and cable BC. The load of 
1250 Ib is suspended from a cable attached at B. Explain 
the significance of each force acting on the diagram. (See 
Fig. 5—7b.) 





The Significance of Each Force : 
W is the effect of gravity (weight) on the boom. 
A, and A, are the pin A reactions on the boom. 
Tac is the cable BC force reactions on the boom. 


1250 Ib force is the suspended load reaction on the boom. 
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5-7. Draw the free-body diagram of the “spanner 
wrench” subjected to the 20-lb force. The support at A can 
be considered a pin, and the surface of contact at B is 
smooth. Explain the significance of each force on the 
diagram. (See Fig. 5-7b.) 








Ae, Ay, Np force of cylinder on wrench. 





*5-8. Draw the free-body diagram of member ABC which 
is supported by a smooth collar at A, roller at B, and short 
link CD. Explain the significance of each force acting on the 
diagram. (See Fig. 5—7b.) 














The Significance of Each Force : 
Na is the smooth collar reaction on member ABC. 


Nz is the roller support 8 reaction on member ABC. 





F-p is the short link reaction on member ABC. 
2.5 KN is the effect of external applied force on member ABC. 


4 kN - m is the effect of external applied couple moment on 
member ABC. 
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e5-9. Draw the free-body diagram of the bar, which has a 
negligible thickness and smooth points of contact at A, B, 
and C. Explain the significance of each force on the 
diagram. (See Fig. 5—7b.) 
































Na. Na, Ne force of wood on bar. 
10 ib force of hand on bar. 
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5-10. Draw the free-body diagram of the winch, which 
consists of a drum of radius 4 in. It is pin-connected at its 
center C, and at its outer rim is a ratchet gear having a mean 
radius of 6 in. The pawl AB serves as a two-force member 
(short link) and prevents the drum from rotating. Explain 
the significance of each force on the diagram. (See 
Fig. 5—7b.) 














G. G force of pin on drum. 
Fas force of pawl on drum gear. 
500 b force of cable on drum. 


5-11. Determine the normal reactions at A and B in 
Prob. 5-1. 


Equations of Equilibrium : By setting up the x and y axes in the 
manner shown, one can obtain the direct solution for N, and Np. 


ww EF =0; N,-—490.5sin30°=0 Np =245N 


A+IF =0; N, -490.5cos30°=0 Ny =425N 
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*5-12. Determine the tension in the cord and the 
horizontal and vertical components of reaction at support A 
of the beam in Prob. 5—4. 


GIM = 0; To» T(3)o = 80(9.81) (5.5) = 0 


T = §W.1N = §30N Ans 


I=% A - 830.1 ($) =0 


A, = 48N Ans 
+TIF, =) -A, + 830.1 + 830.1 (3) ~ §0 (9.81) = 0 


A, = T09N Ane 


80(9.8))N 


e5-13. Determine the horizontal and vertical components 
of reaction at C and the tension in the cable AB for the 
truss in Prob. 5-5. 


Equations of Equilibrium : The tension in the cable can be obtained 
directly by summing moments about point C. 


(+ =M,=0; Tacos 30°(2) + T, asin 30°(4) -3(2) -4(4) =0 
Tyg = 5.89 kN Ans 


C, - 5.89 cos 30° = 0 
C, =5.11kN Ans 


C, + 5.89 sin 30°-3-4=0 
C, =4.05kN Ans 
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5-14. Determine the horizontal and vertical components 
of reaction at A and the tension in cable BC on the boom in 
Prob. 5—6. 


Equations of Equilibrium : The force in cable BC can be obtained 
directly by summing moments about point A. 


(+ EM, =0; Tocsin 7.380°(30) - 650cos 30°(18) 
= 1250sin 60°(30) = 0 


Tac = 11056.9 Ib = 11.1 kip Ans 


32F=0; A- 11056.9(=) =0 
A, = 10206.4 lb = 10.2 kip 


+TIF=0; A,-650-1250- 110569(=)=0 
A, = 6152.7 Ib = 6.15 kip 


5-15. Determine the horizontal and vertical components 
of reaction at A and the normal reaction at B on the 
spanner wrench in Prob. 5-7. 


GEM, = 0; Ng (1) - 20(7) = 0 
Ae Jork 
Na = 140 ib Ans Ay - l 
_ bia. 
IEF, = 0; -A +140 =0 Na 
A. = 140 lb Ans 
+T LF, = 0; A, -20 = 0 


A, = 201b Ans 


*5-16. Determine the normal reactions at A and B and the 
force in link CD acting on the member in Prob. 5-8. 


Equations of Equilibrium : The normal reaction N, can be obtained 
directly by summing moments about point C. 


(+ IM-=0; 2.5sin 60°(6) —2.5cos 60°(3)—4 
+ N, cos 45°(3) —N, sin 45°(10) =0 


N, = 1.059 kN = 1.06 kN Ans 


IF =0;  1.059cos 45° —2.5cos 60°+ F-p = 0 
Fop = 0.501 kN 


+TEE =0; Ny +1.059sin 45° ~2.5sin 60° = 0 
Na = 1.42 kN 
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e5-17. Determine the normal reactions at the points of 
contact at A, B, and C of the bar in Prob. 5-9. 


WIF, =0; Nesin 60°-10 sin 0° =0 
Ne = 5.77 Ib Ans 

(+i My =a; 10 cos 30°(13—1.732)—N, (5 -= 1.732) - 5.77(3. 464) = 0 
N, = 23.7 Ib Ans 

+AEF, 30; Ny +5.77 cos 60°+ 10 cos 30° - 23.7 =0 


Np = 12.2 lb Ans 





5-18. Determine the horizontal and vertical components 
of reaction at pin C and the force in the pawl of the winch in 
Prob. 5-10. 


(GEM = 0; Fas [+ - $00 (4) = 0 


Faa = 400.6 Ib = 401b Ans 


SIF, = 0; - G + s| =0 


is) 


G = 333 bb Ans 





+TEF =0; -500+6 - a0.s{ 7] = 0 


sanii 


G =72b Ans 
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5-19. Compare the force exerted on the toe and heel of a 120 Ib 
120-lb woman when she is wearing regular shoes and 120 Ib 
stiletto heels. Assume all her weight is placed on one foot | 


and the reactions occur at points A and B as shown. 


A B 









D 





B 


( 














5.75 in.— 


1.25 in. 0.75 in. 3.75 in. 


(+EM, =0; — 120(5.75)-(N,),(7) =0 


(N,), = 98.6 lb Ans 

+ TE, =0; (Ng)r + 98.6 —120= 0 
(Ng), = 21.4 Ib Ans. 
1Z0 Ib 
Stiletto heal shoe, 

G mM, =0:  120(3.75) —(N,), (4.5) =0 

(N,), = 100 Ib Ans 

+ TER, =0; (Ng)s+ 100-120=0 
(Np); = 201b Ans. 


015in. | '375in 
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*5-20. The train car has a weight of 24 000 lb and a center 
of gravity at G. It is suspended from its front and rear on the 
track by six tires located at A, B, and C. Determine the 
normal reactions on these tires if the track is assumed to be 
a smooth surface and an equal portion of the load is 
supported at both the front and rear tires. 


(+EMy = 0; (2.Nc) (4) - 24000(5) = 0 
Nc = 15000Ib = ISkip Ans 
SIF = 0; 2M -2(15) =0 
N, = iSkip Ans 
+TIF =0; 2M, — 24000 =0 


Na = 12 kip Ans 
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e5-21. Determine the horizontal and vertical components 
of reaction at the pin A and the tension developed in cable 
BC used to support the steel frame. 











Equations of Equilibrium: From the free - body diagram of the frame, Fig. a, 
the tension T of cable BC can be obtained by writing the moment equation of 


equilibrium about point A. 
o 3 4 
(+2, = 0; {= \o+7{ £}cn~ n-30=0 
T = 34.62 KN = 34.62 kN Ans. 


Using this result and writing the force equations of equilibrium along the x and y axes, 


* =F, =Q A,- 346 2 =0 

Ay = 20.77 kN =20.8 kN Ans. 
+ Î EF, =0; Ay ~ 60- 34s 4 | =0 

Ay = 87.69 kN =87.7 kN Ans. 
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5-22. The articulated crane boom has a weight of 125 Ib and 
center of gravity at G. If it supports a load of 600 Ib, determine 
the force acting at the pin A and the force in the hydraulic 
cylinder BC when the boom is in the position shown. 








QIM, =0; F cos 40°(1)'+ Fa sin 40° (1) — 125(4) - 600(9) = 0 


Fy = 4188ib = 4.19kip Ans 


EF, =0; -A + 4188cos 40° = 0 


q+ 


A = 3208Ib=3.21kip Ans 


+ÎEF, =0; -A + 4188 sin 40° - 600 — 125 = 0 





A, = 1.97 kip Ans 
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5-23. The airstroke actuator at D is used to apply a force of 
F = 200 N on the member at B. Determine the horizontal 
and vertical components of reaction at the pin A and the 
force of the smooth shaft at C on the member. 

















Equations of Equilibrium: From the free - body diagram of member ABC, Fig. a, 
Nc can be obtained by writing the moment equation of equilibrium about point A. 


Gx, = Q; 200 sin 60° (800) — Nc (600 + 200 sin 15°)= 0 
No = 212.60 N =213N Ans. 


Using this result and writing the force equations of equilibrium along the x and y axes, 


+ =F, =0 —A, +212.60cos 15° — 200 cos 60° = 0 

A, =105N Ans, 
+7 IF, = 0; —Ay —212.60sin 15° + 200sin 60° = 0 

Ay =118N Ans. 
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*5-24. The airstroke actuator at D is used to apply a force 
of F on the member at B. The normal reaction of the 
smooth shaft at C on the member is 300 N. Determine the 
magnitude of F and the horizontal and vertical components 
of reaction at pin A. 

















Equations of Equilibrium: From the free - body diagram of member ABC, Fig. a, 
force F can be obtained by writing the moment equation of equilibrium about point A. 


(+2M 4 = 0; F sin60°(800) — 300( 600+ 200sin15°) = 0 
F = 282.22N =282N Ans. 


Using this result and writing the force equations of equilibrium along the x and y axes, 


+ =F, =Q -A y + 300cos 15° — 282.22.c0s60° = 0 

A, =149 N Ans. 
+ TF, =0; —Ay — 300sin 15° + 282.22sin 60° = 0 

Ay =167N Ans. 
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e5—25. The 300-Ib electrical transformer with center of gravity 
at G is supported by a pin at A and a smooth pad at B. 
Determine the horizontal and vertical components of reaction 
at the pin A and the reaction of the pad B on the transformer. 








Equations of Equilibrium: From the free - body diagram of the transformer, Fig. a, 
Np and A, can be obtained by writing the moment equation of equilibrium about 
point A and the force equation of equilibrium along the y axis. 





QM, =0; N g (3) -300(1.5)= 0 

Np = 150 1b Ans. 
+ Î FF, = 0; Ay — 300= 0 

Ay = 3001b Ans. 


Using the result Np = 150 Ib and writing the force equation of equilibrium along the x axis, 


t EF =Q, 150- A, = 0 
A, =150 Ib Ans, 





(4) 
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5-26. A skeletal diagram of a hand holding a load is shown 
in the upper figure. If the load and the forearm have masses 
of 2 kg and 1.2 kg, respectively, and their centers of mass are 
located at G, and G,, determine the force developed in the 
biceps CD and the horizontal and vertical components of 
reaction at the elbow joint B. The forearm supporting 
system can be modeled as the structural system shown in 
the lower figure. 














Equations of Equilibrium: From the free - body diagram of the structural 
system, Fig. a, Fop can be obtained by writing the moment equation of equilibrium 


— | 

: A G3 ae 
about point B. 100 mm++—135 mm a 
65 mm 





© 





(+m p =0; 2(9.81)(100+ 135 +65) + 1.2(9.81)(135 + 65) 
-Fpp sin75°(65)= 0 
Frp = 131.25N =131N Ans. 


Using the above result and writing the force equations of equilibrium along the x 


and y axes, 
$, EF, =0, 131.2500875" - B, = 0 

B, = 33.97 N =34.0N Ans. 
+ T EF, =0; 131.25sin 75° — 2(9.81)— 1.4% 9.81)— B, = 0 

By = 95.38 N =95.4N Ans. 
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5-27. As an airplane’s brakes are applied, the nose wheel 





exerts two forces on the end of the landing gear as shown. 
Determine the horizontal and vertical components of 
reaction at the pin C and the force in strut AB. 














Equations of Equilibrium : The force in strut A B can be obtained 
directly by summing moments about point C. 


(+ EM =0; 2(1)-6(Ltan 20°) + Fp sin 50°(0.4) 
= raptos 50° (0.4tan 20°) =0 





F, a = 0.8637 KN = 0.864 kN Ans G KN 


Using the result Fa = 0.8637 kN and sum forces along x and y axes, 


we have, 
+TIF =Q; 6+0.8637cos 50-0, =0 


> EF =0; 0.8637sin 50°+2-C, =0 ala = 


C, =2.66kN Ans 
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*5-28. The 1.4-Mg drainpipe is held in the tines of the fork 
lift. Determine the normal forces at A and B as functions of 
the blade angle 0 and plot the results of force (vertical axis) 
versus 0 (horizontal axis) for 0 = 0 = 90°. 








1-440)" (a.20)N 
AEF =0; Ny —1.4(10) (9.81)sind = 0 


N, =13.7sin@kN Ans 


NEF, =0; N —1.4(10)'@.81)c080 ='0 





- Na =13.7cos0kN Ans 


N (AN) 
r Na 13.7 sia 6 






Ae= 18.1200 
Ə 
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e5-29. The mass of 700 kg is suspended from a trolley 
which moves along the crane rail from d = 1.7m to 
d = 3.5m. Determine the force along the pin-connected 
knee strut BC (short link) and the magnitude of force at pin 
A as a function of position d. Plot these results of Fgc and Fy, 
(vertical axis) versus d (horizontal axis). 








(EM, =0; Fac( 3 0-9- 7000.81) =0 
Fre =5722.5d Ans 
JEF 20; -4 +(5722.54)(2) =0 
A, = 3433.5d 
+TER=0; -A + (5722.54)(=)-700(9.81) =0 
A, = 4578d - 6867 


F, = y (3433. 5d)" + (4578d - 6867) Ans 
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5-30. If the force of F = 100 Ib is applied to the handle of 
the bar bender, determine the horizontal and vertical 
components of reaction at pin A and the reaction of the 
roller B on the smooth bar. 


Equations of Equilibriam: From the free - body diagram of the handle of the bar 
bender, Fig. a, Ay and Ng can be obtained by writing the force equation of equilibrium 
along the y axis and the moment equation of equilibrium about point A , respectively . 





+ Î EF, =0; Ay — 100sin30° = 0 
Ay = 50Ib Ans. 
(m, =0; N g cos 60°(5)— 100(40) = 0 
Ng = 1600N = 1.60 kip Ans. 


Using the result Ng = 1600 N and writing the force equation of equilibrium along the x 
axis, 


=F, =Q Ay — 1600 + 100c0s30° = 0 
A, =1513.40 N = 1.51 kip Ans. 


AN G30" 


Lo. ‘100 £6 
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5-31. If the force of the smooth roller at B on the bar 
bender is required to be 1.5 kip, determine the horizontal 
and vertical components of reaction at pin A and the 
required magnitude of force F applied to the handle. 


Equations of Equilibrium: From the free - body diagram of the handle of the bar 
bender, Fig. a, force F can be obtained by writing the moment equation of equilibrium 
about point A. 


frm, =0: 1500.c0s60°5) — F(40) = 0 
F = 93.75 Ib Ans. 





Using the above result and writing the force equation of equilibrium along the x and y 


ares, 
+=F, =0 A, + 93.75c0s30° — 1500 = 0 

Ay = 1418.81 Ib = 1.42 kip Ans. 
+ T EF, =0; Ay — 93.75sin30° = 0 

Ay = 46.875 lb = 46.9 Ib Ans. 


doin. 
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*5-32. The jib crane is supported by a pin at C and rod AB. ~ 4m - 
If the load has a mass of 2 Mg with its center of mass located ri QO 
at G, determine the horizontal and vertical components of 
reaction at the pin C and the force developed in rod AB on 
the crane when x = 5 m. 





3.2 m 














Equations of Equilibrium: Realizing that rod AB is a two -force member, it will exert 








a force F4g directed along its axis on the beam, as shown on the free - body diagram in oO r G 
Fig. a. From the free - body diagram, F4g can be obtained by writing the moment equation K A 
of equilibrium about point C. i i A j 
3 4 
(+c = 0; Fap Bg + Fap (+ }o2)- 2000(9.81)(5) = 0 
Fag = 38 320.31 N =38.3 kN Ans. 


Using the above result and writing the force equations of equilibrium along the x and y axes. 


+ =F, =Q C, - 38 soa $)=0 

Cy = 30656.25 N = 30.7 kN Ans. 
+ T EF, =0; 38 22031 3) — 2000(9.81)-C, = 0 

Cy = 3372.19N = 3.37 kN Ans. 





2000 (9.81) N 


(A) 
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e5-33. The jib crane is supported by a pin at C and rod AB. 
The rod can withstand a maximum tension of 40 KN. If the 
load has a mass of 2 Mg, with its center of mass located at G, 
determine its maximum allowable distance x and the 
corresponding horizontal and vertical components of 
reaction at C. 3.2 m 




















Equations of Equilibrium; Realizing that rod AB is a two -force member, it will exert 








a force F 4g directed along its axis on the beam, as shown on the free - body diagram in s pl: G 
Fig. a. From the free - body diagram, the distance x can be obtained by writing the moment L 
equation of equilibrium about point C. ~ - í 
3 4 
Gmc =0; 40 TE 20 004 toa- 2000(9.81)(x) = 0 
x= 5.22 m Ans. 


Writing the force equations of equilibrium along the x and y axes, 


* IF, =0, pee) 


y = 32000 N = 32kN Ans. 
+ TF, =0; om }- 2000(9.81)- C, = 0 
y = 4380N = 4.38 kN Ans. 





2000 C9- N 
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5-34. Determine the horizontal and vertical components 
of reaction at the pin A and the normal force at the smooth 
peg B on the member. 





Equations of Equilibrium: From the free - body diagram of the member, Fig. a, 
N g can be obtained by writing the moment equation of equilibrium about point A. 


(+m, =0; N g (0.4) ~ 600 cos 30°(0.8) = 0 
Np = 1039.23 N =1.04kN Ans. 


Using this result and writing the force equations of equilibrium along the x and y axes, 


t EF, =Q, 600cos 30° — 1039.23cos 60° — A, = 0 

A, =0 Ans. 
+ TIF, =0; —Ay + 1039.23sin60° — 600sin30° = 0 

Ay = 600N Ans, 


: Ne. 30° 


30 


Goon 
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5-35. The framework is supported by the member AB 
which rests on the smooth floor. When loaded, the pressure 
distribution on AB is linear as shown. Determine the length d 
of member AB and the intensity w for this case. 














+TIF = 0; Fp = 300 = 0 
Fp = 800 Ib 
When tipping, 


(EM = 0; -so0(5) + 800(d-4) = 0 





d=6ft Ans 
Fp = lwd = 4(w)(6) = 800 
2 2 


w = 267 Ib/ft Ans 
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*5-36. Outriggers A and B are used to stabilize the crane 
from overturning when lifting large loads. If the load to be 
lifted is 3 Mg, determine the maximum boom angle 0 so that 
the crane does not overturn. The crane has a mass of 5 Mg 
and center of mass at Gc, whereas the boom has a mass of 
0.6 Mg and center of mass at Gp. 


(m, = 0; -5 (9.81) (2.3) + 3 (9.81) (9.5 sin @ - 0.7) 
+ 0.6 (9.81) (5 sin 0 -= 0.7) = 0 


8 = 26.4° Ans 





346 








5 Solutions 44918 1/23/09 5:11 PM Page 347 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e5-37. The wooden plank resting between the buildings 
deflects slightly when it supports the 50-kg boy. This 
deflection causes a triangular distribution of load at its ends, 
having maximum intensities of w4 and wg. Determine w4 
and wg, each measured in N/m, when the boy is standing 
3 m from one end as shown. Neglect the mass of the plank. 











50G.8))=490-5N 


(m = 0; -490.5 (3.15) + Sws (0.3) (9.25) = 0 


OlM OIM 


wa = 1113.6 N/m = 1.11 kN/m Ans 3m 6m 
| / 
+TLF = 0; 5 wa (0.45) + - (1113.6) (0.3) - 490.5 = 0 FANA )(0-45) ZC Wy )3) 


wą = 1437.6N/m = 1.44kN/m Ans 
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5-38. Spring CD remains in the horizontal position at all 
times due to the roller at D. If the spring is unstretched 
when 0 = 0° and the bracket achieves its equilibrium 
position when 0 = 30°, determine the stiffness k of the 
spring and the horizontal and vertical components of 
reaction at pin A. 





Spring Force Formula: At the equilibrium position, the spring elongates x = 
0.6sin30° m. Using the spring force formula, the force in spring CD is found to be 
Fop = kx = O.%. 


Equations of Equilibriam: From the free - body diagram of the bracket, Fig. a, the 
stiffness k of spring CD and Ay can be obtained by writing the moment equation of 
equilibrium about point A and the force equation of equilibrium along the x axis, 


respectively. 
$ +IM 4 = 0; 0.3k cos 30°( 0.6) — 300 cos 30°(0.45) — 300sin30°(0.6) = 0 
k = 1327.35N /m=1.33kN /m Ans. 
+ T IF, =0; Ay — 300= 0 
Ay = 300N Ans. 


Using the result k = 1327.35 N / m and writing the force equation of equilibrium along 
the x axis, 


* =F, =0 A, — 0.1327.35)= 0 
A, = 398.21 N =398 N Ans. 
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5-39. Spring CD remains in the horizontal position at all 
times due to the roller at D. If the spring is unstretched 
when 0 = 0° and the stiffness is k = 1.5 kN/m, determine 
the smallest angle 0 for equilibrium and the horizontal and 
vertical components of reaction at pin A. 


Spring Force Formula: At the equilibrium position, the spring elongates x = 
0.6sin@. Using the spring force formula, the force in spring CD is found to be 
Fy = kx = 1500(0.6sin@ )= 900sin 8. 





Equations of Equilibrium: From the free - body diagram of the bracket, Fig. a, the 
equilibrium position @ and A, can be obtained by writing the moment equation of 
equilibrium about point A and the force equation of equilibrium along the y axis, 


respectively. 
(m A =0; 900sin@ cos@ (0.6) — 300 sin 6(0.6) — 300c0os8(0.45) = 0 
540sin@ cos@ — 180sin 0 — 135cosé = 0 
Solving by trial and error yields 
8 = 23.083° = 23.1° Ans. 
+ T IF, =0; Ay — 300= 0 
Ay = 300N Ans. 


Using the result 6 = 23.083° and writing the force equation of equilibrium along 
the x axis, 
IF, =@ A, — 900sin23.083° = 0 

A, = 352.86N = 353 N Ans. 
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*5-40. The platform assembly has a weight of 250 Ib and 
center of gravity at G4. If it is intended to support a 
maximum load of 400 lb placed at point G,, determine the 
smallest counterweight W that should be placed at B in 
order to prevent the platform from tipping over. 


When tipping occu, Re = 0 





| +iM, = 0; = 400(2) + 250(1) + W,(7) = 0 


Ws = 78.6 lb Ans 
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e5—41. Determine the horizontal and vertical components 
of reaction at the pin A and the reaction of the smooth 
collar B on the rod. 











Equations of Equilibrium: From the free - body diagram, Ay and Ng can be 
obtained by writing the force equation of equilibrium along the y axis and the 
moment equation of equilibrium about point A. 


+T IF, =0; Ay - 300- 450= 0 
Ay = 750 Ib Ans. 
(+m, =0; Np (4 sin30°)-300(1)—450(3) = O 
Np = 825 Ib Ans. 


Using the result Ng = 825 |b and writing the force equation of equilibrium along 
the .x axis, 


300Ib 450Ib 
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5-42. Determine the support reactions of roller A and the 
smooth collar B on the rod. The collar is fixed to the rod 
AB, but is allowed to slide along rod CD. 








Equations of Equilibrium: From the free - body diagram of the rod, Fig. a, N p 
can be obtained by writing the force equation of equilibrium along the yaxis. 


+ TF, =0; Np sin 45° - 900 = 0 
Np = 1272.79N =1.27kN Ans. 


Using the above result and writing the force equation of equilibrium and the moment 
equation of equilibrium about point B, 


+ =F, =Q 1272.79.08 45° ~ A, = 0 
A, = 900N Ans. 
(+2M 5 = 0; -900(1) + 900(2) sin45°-600+ Mp = 0 
Mpg =227N-m Ans. 
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5-43. The uniform rod AB has a weight of 15 Ib. Determine 
the force in the cable when the rod is in the position shown. 





Qrim, =0;  Np(5 sin 40°) - 15(2.5 cos 40°) =0 


+ 


=- ZF, = 0 Teos 10° -8.938 = 0 T = 9.08 Ib 





*5—44. Determine the horizontal and vertical components 500 N 
of force at the pin A and the reaction at the rocker B of the 


curved beam. 











(EM, = 0; Na (4) - 200 cos 15° (2) - 500 cos 10° (2) = 0 
Np 134179=343N Ans 
+TIF 20; A, - 500 cos 10° - 200 cos 15° + 342.79 = 0 


A, = 3428 =343N Ams 





3 EF, =0; -A, + 500sin 19° - 200sin 15° = 0 


A, = 35.1N Ans 
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e5-45. The floor crane and the driver have a total weight 
of 2500 lb with a center of gravity at G. If the crane is 
required to lift the 500-lb drum, determine the normal 
reaction on both the wheels at A and both the wheels at B 
when the boom is in the position shown. 











Equations of Equilibrium: From the free - body diagram of the floor crane, Fig. a, 











G+IM p = 0; 2500(1.4 + 8.4) — 500(1 50s 30° — 8.4) —N 4(2.2 + 1.4+8.4) =0 
N4 = 1850.40 lb = 1.85 kip Ans. 
+ Î IF, =0; 1850.40— 2500- 500+ Np =0 
Np = 1149.60 lb = 1.15 kip Ans. 
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5—46. The floor crane and the driver have a total weight of 
2500 lb with a center of gravity at G. Determine the largest 
weight of the drum that can be lifted without causing the 
crane to overturn when its boom is in the position shown. 























Equations of Equilibrium: Since the floor crane tends to overturn about point B, 
the wheel at A will leave the ground and N4 = 0. From the free - body diagram of 
the floor crane, Fig. a, W can be obtained by writing the moment equation of 


equilibrium about point B. 
(ms =0; 2500(1.4 + 8.4)— W(15cos 30° — 8.4) = 0 


W = 5337.25 lb = 5.34 kip Ans. 
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5-47. The motor has a weight of 850 lb. Determine the 
force that each of the chains exerts on the supporting hooks 
at A, B, and C. Neglect the size of the hooks and the 
thickness of the beam. 





(HEM, =0;  -Fycos10°(1) +850(0.5) ~ Fecos 10°(2) = 0 


+ 
=> IF, =0; Fe sin 10° — Fp sin30° ~ F, sin 10° = 0 


+TZF,=0; 850- Fycos10°— F,c0s30° ~ Fzo0os10° = 0 


aï 
o —— 


Solving Eqs.(1), (2) and (3) yields : 


Fy=432lb  Fe=0 Fe = 432 1b 


*5—48. Determine the force P needed to pull the 50-kg roller 
over the smooth step. Take 6 = 60°. 





6 = cos”! G) = 33,56° Nazo 


(+EMa = 0; 50 (9.81) sin 20° (0.5) + 50(9.81) cos 20°(0.3317) — P cos 60° (0.5) 
~ P sin 60° (0.3317) = 0 


P = 441N. Ans 
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e5-49. Determine the magnitude and direction 0 of the 
minimum force P needed to pull the 50-kg roller over the 
smooth step. 


so(a.si\N, 








= 0.5 , 
For Pam, Ny 20, $= cos (=) = 33.56 


(+ EMs =; 50(9.81) sin 20° (0.5) +50(9.81) cos 20°(0.3317) — P cos (0.5) 
—P sin 8 (0.3317) = 0 
236.75 - P cos 6 (0.5) — P sin 6 (0.3317) = 0 


236.75 


P = @5c0s 6 + 0.3317 sin 8) 


For Poin E 


dP _ -236.75 (= 0.5 sin @ + 0.3317 c08 6) _ 4 


de (0.5 cos 6 + 0.3317 sin 6) 


soci 0.3317 
~ 0.5 


6 = 33.6 Ans 


Pain = 395N Ans 
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5-50. The winch cable on a tow truck is subjected to a 
force of T = 6 kN when the cable is directed at 0 = 60°. 
Determine the magnitudes of the total brake frictional 
force F for the rear set of wheels B and the total normal 
forces at both front wheels A and both rear wheels B for 
equilibrium. The truck has a total mass of 4 Mg and mass 
center at G. 























=>EIFR =0 6000sineév’ -F=0 
F = 519%6N=5.20kN Ans 
(Em = 0; =N, (4.5) +4(10°)(9.81) (2.5) = 6000 sin 60° (3) - 6000 cos 60° (1.5) = 0 
Ny = 17336N=17.3kN Ans 
+TIF =0; 17336 — 4(10°)(9.81) = 6000 cos 60° + Ny = 0 


Ne = 24904N 224.9kN Am 
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5-51. Determine the minimum cable force T and critical 
angle 0 which will cause the tow truck to start tipping, i.e., for 
the normal reaction at A to be zero. Assume that the truck is 
braked and will not slip at B. The truck has a total mass of 
4 Mg and mass center at G.x 




















(+My = 0; — 4(10°)(9.81)(2.5) - Tsin 8 (3) - Toos 8(1.5) = 0 


Ta es 
(cos @ + 2 sin 8) 
qT ~65 400(-sin6 +2 cos@) _ 


= 0 
dð (cos @ + 2 sin 0P 


=3in0 +2 cos a Ü 
8 = un"? = 63.43° = 63.4° Ans 


65 400 


Ts ——ŘŘ— 
= (cos 63.43°4+2 in 63.43°) 


29.2 KN 




















*$-52. Three uniform books, each having a weight W and 
length a, are stacked as shown. Determine the maximum 
distance d that the top book can extend out from the 
bottom one so the stack does not topple over. 




























































































































































































Equilibrium : For top two books, the upper book will topple when the 
center of gravity of this book is to the right of point A. Therefore, the 
maximum distance from the right edge of this book to point A is a/2. 


Equation of Equilibrium : For the entire three books, the top two books 
will topple about point B. 


(+ 2M, =0; W(a-d)-W(d-=)=0 


da” 
4 





359 








5 Solutions 44918 1/23/09 5:11 PM Page 360 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e5-53. Determine the angle 6 at which the link ABC is 
held in equilibrium if member BD moves 2 in. to the right. 
The springs are originally unstretched when 0 = 0°. Each kcr = 100 lb/ft 
spring has the stiffness shown. The springs remain 
horizontal since they are attached to roller guides. 





kag = 500 lb/ft 





(+EMs=0; Fe(6cos0)~F,(6c0s@)=0 Fo = =F 


F F 
Xe = ~g 7012F and x = — a = 0.024F 
CP) Gr) 
Using similar triangles 
0.096F 2-0.024F 
sing = 2 09627.T) 29. 2222 
12 
ĝa 128° AnS 
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5-54. The uniform rod AB has a weight of 15 lb and the 
spring is unstretched when 0 = 0°. If 0 = 30°, determine 
the stiffness k of the spring. 





Geometry : From triangle CDB, the cosine law gives 


[= f2.536? + 1.7322 —2(2.536) (1.732) cos 120° = 3.718 ft 


Using the sine law, 
sing = sin 120° 


ees SS es - a 
2536 37g 57362 


Equations of Equilibrium : The force in the spring can be obtained 
directly by summing moments about point A. 


(+ EM, =0; — 15cos 30°(1.5)- E, cos 36.21°(3) = 0 b -z5 
a 
F,, = 8.050 Ib p ERE H e 


Spring Force Formula : The spring stretches x = 3.718- 3 = 0.718 ft 


F 8.050 
k = -E ee . 
x T T = si 2 lb/ft Ans 


5-55. The horizontal beam is supported by springs at its 
ends. Each spring has a stiffness of k = 5kN/m and is 
originally unstretched so that the beam is in the horizontal 
position. Determine the angle of tilt of the beam if a load of 
800 N is applied at point C as shown. 














Equations of Equilibrium : The spring force at A and B can be obtained 
directly by summing moments about points B and A, respectively. 


(+ IM, =0; 800(2)-F,(3)=0 F =533.33N 


(+ IM, =% #(3)-800(1)=0 =F =266.67N 
Spring Formula: Applying A = — , we have 


_ 533.33 
4 §(103) 


266.67 
A, = = 0.05333 
a= 5105) ~ 


= 0.1067 m 


Geometry : The angle of tilt œ is 


P ass 
a= tan 


)- 1.02° 
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*5-56. The horizontal beam is supported by springs at its 800 N 
ends. If the stiffness of the spring at A is ky = SkN/m, 
determine the required stiffness of the spring at B so that if 
the beam is loaded with the 800 N it remains in the 
horizontal position. The springs are originally constructed 
so that the beam is in the horizontal position when it is 
unloaded. 

















oa 


0:/067-@G%333 
=0.05 233 M 


Equations of Equilibrium : The spring forces at A and B can be | A, = Q: 1067m 
obtained directly by summing moments about points B and A respectively. 





(+ EM, =0; 800(2)-F,(3)=0 =F, =533.33N 
(+ EM, =0; F,(3)-800(1)=0 F =266.67N 


F 





Spring Formula : Applying A = z+ we have 
533.33 266.67 
A, = — =Í. = 
4 = S103) 1067m Ag A 


Geometry : Requires, Ag = A,. Then 


266. . 
cll = 0.1067 





ka = 2500 N/m = 2.50 kN/m Ans 
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e5-57. The smooth disks D and E have a weight of 200 Ib 
and 100 lb, respectively. If a horizontal force of P = 200 Ib 
is applied to the center of disk E, determine the normal 
reactions at the points of contact with the ground at A, B, 


and C. 





For disk E : 


SEF, = 0: - p wf) = 0 


+TER =% Ne-100-N' (=) 20 
For disk D : 


ER, = 0; M (3)-" (=) =0 


5 
+TIF, 20; M (=) +m - 20+" (2) a0 
Sea P = 200 b and solve: 
N° = 204.12 b 
Na = 250lb Ans 
Np = 9.18 Ans 


Ne = 14105 Anos 
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5-58. The smooth disks D and E have a weight of 200 Ib 
and 100 lb, respectively. Determine the largest horizontal 
force P that can be applied to the center of disk E without 
causing the disk D to move up the incline. 





For disk E : 


IF, = 0; -p ow (S) =o 


+TEF =0; Ne- 100- N' (=) =0 


For disk D : 
SER =% M ($)-n' 4) a0 
5 5 
+TER, = 0; N, (3) + Me - 200+." (3) = 0 


Require Na = O for Pam. Solving, 
N, = 262ib Ans 


Ne = 1431 Ans 
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5-59. A man stands out at the end of the diving board, 

which is supported by two springs A and B, each having a 

stiffness of k = 15 kN/m. In the position shown the board 

is horizontal. If the man has a mass of 40 kg, determine the 

angle of tilt which the board makes with the horizontal after 

he jumps off. Neglect the weight of the board and assume it m ii + 3 m 
is rigid. 














Equations of Equilibrium : The spring force at A and B can be obtained 
directly by summing moments_aþout points 8 and A, respectively. 


(+ EM =0; F (1)-3924(3)=0 F, =1177.2N 


(+ EM, =0; Ę(1)-3924(4=0 = 1569.6N g 
4O 81)2392-4-N 






F 
Spring Formula: Applying A = T’ we have 


1177.2 1569.6 


A, = —— = 0.0784 = — 2 Î. 
a = 0P) 0.07848 m Ap s00 0. 10464 m 


Geometry : The angle of tit æ is 


.1 (0. 10464 + 0.0784 
aum (OOT he am 





Im 
A,70:07848m (0.10464+0:07848)m 
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*5—60. The uniform rod has a length / and weight W. It is 
supported at one end A by a smooth wall and the other end 
by a cord of length s which is attached to the wall as 
shown. Show that for equilibrium it is required that 
k= — Pay. 








Equations of Equilibrium : The tension in the cable can be 
obtained directly by summing moments about point A . 


¢+ EM, “7 Tsin ¢ (f) — Wsin (5)=0 











Wsin 6 
ae 
_ Wsin 6 
Using the result T= zine’ 
Wsin 6 
+TIF =0; ap Oan 
sin &cos (8 -¢)-2sin ġ =0 [1] 


Geometry : Applying the sine law with sin {180° -— 8) = sin 6, we have 





sno me g sin ¢ = ane 9 [2] 
h 5 5 
Substituting Eg. [2] into [1] yields 
2h 
cos (8-9) = — (3) 


Using the cosine law, 


Ë =h" +5? —2pscos (8-6) 


+s? -[? 
cos i ali aaa [4] 


Equating Egs. [3] and [4] yields 


2h hsr 


5 hs 
si~[2 
h= 7 (Q. E. D) 
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e5—61. If spring BC is unstretched with 6 = 0° and the bell 
crank achieves its equilibrium position when 0 = 15°, č k = 2 kN/m 
determine the force F applied perpendicular to segment 
AD and the horizontal and vertical components of reaction 
at pin A. Spring BC remains in the horizontal postion at all 
times due to the roller at C. 








Spring Force Formula: From the geometry shown in Fig. a, the stretch of spring 400 mm) 
BC when the bell crank rotates 0 = 15° about point A is x = 0.3 cos 30° — 0.3cos 45° 
= 0.04768 m. Thus, the force developed in spring BC is given by 

Fp = kx = 2000(0.04768) = 95.35 N 


Equations of Equilibrium: From the free - body diagram of the bell crank, Fig. b, 
F can be obtained by writing the moment equation of equilibrium about point A. 


(+m, = 0; 95.35 sin 45° (300) — F( 400) = 0 
F = 50.57 N =50.6N Ans. 


Using the above result and writing the force equations of equilibrium along the x and y 


arcs, 
+ =F, =Q A, — 50.57sin 15° — 95.35 = 0 

A, = 108.44 N =108N Ans. 
+ T EF, = 0; Ay — 50.5700s 15° = 0 

Ay = 48.84 N =48.8N Ans. 

we 
I 
B 
B IS 
30° 
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5-62. The thin rod of length / is supported by the smooth 
tube. Determine the distance a needed for equilibrium if 


the applied load is P. 





Ne -P =O 


Gan = 0; i)a +a =Ù 
a 


4r’ 
~y¥4r?+a7 a0 


dr? + a? 





3 
4r?l s (4r? + a”)? 


2 
(47795 =4r° +4? 


l 2 
a=V(4rFpi -4;? 


Ans 
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5—63. The cart supports the uniform crate having a mass of 
85 kg. Determine the vertical reactions on the three casters 
at A, B, and C. The caster at B is not shown. Neglect the 
mass of the cart. 





Equations of Equilibrium : The normal reaction N- can be obtained 
directly by summing moments about x axis. 


IM, =0;  Ne(1.3) -833.85(0.45) =0 
Nc = 288.64 N = 289 N Ans 


IM, =0; 833.85(0.3) - 288.64(0.35) - N, (0.7) =0 
N, = 213.04 N =213N Ans 





EF =0; Ny +288.64+213.04-833.85 =0 
Na = 332 N Ans 
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*5-64. The pole for a power line is subjected to the two z 
cable forces of 60 lb, each force lying in a plane parallel to 
the x—y plane. If the tension in the guy wire AB is 80 Ib, 
determine the x, y, z components of reaction at the fixed 


base of the pole, O. 


60 Ib 


80 Ib 








Equations of Equilibrium : 


IF =0; O, +60sin 45°-60sin 45° =0 


0, =0 Ans 
EF = 0; O, + 60cos 45° +60cos 45° =0 

O, =—84.9 lb Ang 
ZE=0; Q-80=0 Q =80.0lb Ans 


IM, =0; (Mp), +80(3)—2[60cos 45°(14)] =0 
(Mp), = 948 lb. ft 


EM, =0; (Mo), + 60sin 45°( 14) — 60sin 45°( 14) =0 
(Mg), =0 


IM, =0; (Mo), +60sin 45°( 1) ~60sin 45°(1) = 0 
(Mp), =0 





af 
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°5-65. If P = 6kN,x = 0.75m and y = 1m, determine 


the tension developed in cables AB, CD, and EF. Neglect 
the weight of the plate. 














Equations of Equilibrium: From the free - body diagram, Fig. a, Top and Tef 


can be obtained by writing the moment equation of equilibrium about the xand 
yaxes, respectively. 


IM, =0; Tp (2-61) = 0 


Top = 3kN Ans. 
2M y = 0; Tkr (2) — 6(0.75) = 0 
TEF = 2.25 kN Ans. 


Using the above results and writing the force equation of equilibrium along the z axis, 
ZF, =0; Tap + 34+2.25-6=0 


Tap = 0.75kN 


(N 
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5-66. Determine the location x and y of the point of 
application of force P so that the tension developed in 
cables AB, CD, and EF is the same. Neglect the weight of 
the plate. 














Equations of Equilibrium: From the free - body diagram of the plate, Fig. a, 
and writing the moment equations of equilibrium about the x’ and y’ axes, 


IM ,’ = 0; 1(2-y)—2T(y)=0 

y = 0.667 m Ans. 
IM y = 0; 27(x)-T(2-x)=0 

x = 0.667 m Ans. 
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5-67. Due to an unequal distribution of fuel in the wing 
tanks, the centers of gravity for the airplane fuselage A 
and wings B and C are located as shown. If these 
components have weights W, = 45 000 lb, Wg = 8000 Ib, 
and Wç = 6000 lb, determine the normal reactions of the 
wheels D, E, and F on the ground. 





EM, = 0;  8000(6) — Rp (14) — 6000 (8) + Re (14) = 0 
EM, = 0; 8000(4) + 45000(7) + 6000 (4) - & (27) = 0 


EF, =0; Rp + Re + Re — 8000 — 6000 — 45000 = 0 
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*5-68. Determine the magnitude of force F that must be 
exerted on the handle at C to hold the 75-kg crate in the 
position shown. Also, determine the components of reaction 
at the thrust bearing A and smooth journal bearing B. 


Equations of Equilibrium: From the free - body diagram, Fig. a, F, B,, Az , and 
Ay can be obtained by writing the moment equation of equilibrium about the y, x, 





and x’ axes and the force equation of equilibrium along the yaxis. 


2M, = 0; —F(0.2)+75(9.81)(0.1)= 0 


F = 367.875 N =368 N Ans, 
ZM = 0; B,(0.5+ 0.6)—75(9.81)(0.6)= 0 

B, = 401.32 N = 401 N Ans, 
2M v = 0; —A ,(0.6 + 0.5) + 75(9.81)(0.5) = 0 

A, = 334.43 N = 334N Ans. 
ZF, =0; Ay =0 Ans, 
Using the result F = 367.875 N and writing the moment equations of equilibrium about 
the z and z’ axes, 
2M, = 0; —B,(0.5 +0.6)— 367.875(0.2+ 0.1+ 0.5 +0.6) = 0 

B, = —468.20N =—468 N Ans, 
ZM y = 0; A, (0.6+ 0.5) — 367.875(0.2 +0.1)= 0 

A, =100.33N =100N Ans. 


The negative signs indicate that B, act in the opposite sense to that shown on the free- body 
diagram. 
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e5—69. The shaft is supported by three smooth journal 
bearings at A, B, and C. Determine the components of 
reaction at these bearings. 





Equations of Equilibrium: From the free - body diagram, Fig. a, C, and C, can be obtained by 
writing the force equation of equilibrium along the y axis and the moment equation of equilibrium 
about the y axis. 


LF =0; C,-450=0 


Cy = 450N Ans. 
IM, =0; C, (0.9 +0.9)— 900( 0.9) + 600(0.6) = 0 

C, = 250 N Ans. 
Using the above results 


XM, =0; B,(0.9+ 0.9)+250(0.9 +0.9 + 0.9)+ 4500.6) — 900(0.9+ 0.9+ 0.9) —600(0.9) = 0 


B, =1125 N =1.125kN Ans. 
IM,’ = 0; 600(0.9) + 450.6) — 900(0.9) + 250(0.9)— A, (0.9+ 0.9)= 0 

A, = 125N Ans. 
IM, = 0; —B,(0.9 + 0.9) + 500(0.9) +450(0.9) - 4500.9 +0.9)= 0 

B,=25N Ans. 
IF. =0; A, +25-500=0 

A, = 475 N Ans. 

€ 
a 
GOON 
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5-70. Determine the tension in cables BD and CD and z 
the x, y, z components of reaction at the ball-and-socket 
joint at A. 








F 
Tap = {-li+1.5j+3k}m;, rep = 3.50m Trp lA, 
Top = Tap (22) = -= 0.2857 Top i + 0.4286 Top J + 0.8571 Top k Ay 
"pp Tep 
In a similar manner, 4 
Teo | _ 
Tep = Tep (=) = = 0.2857 Tep i — 0.4286 Tep J + 0.8571 Tep k 
Fep 
Thus, using the components of Tgp and Tep, the scalar equations of equilibrium become : 
EEK =0; A- 0.2857 gp — 0.2857 Ten = 0 
iF =0; A+ 0.4286 Tap = 0.4286 Trp = 0 
IF =0; <A, + 0.8571 Ip + 0.8571 ep - 300 = 0 
EM: = 0; — (0.8571 Tgp) (1.5) + (0.8571 Tcp) (1.5) = 0 
EM, = 0; 300(1) — (0.8571 Tgp) (1.5) — (0.8571 Tep) (1.5) = 0 
Solving 
fin = Tep = 117N Ans 
A, = 66.7N Ans 
A,=0 Ans 
A = 100N Ans 
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5-71. The rod assembly is used to support the 250-Ib cylinder. 
Determine the components of reaction at the ball-and- 
socket joint A, the smooth journal bearing E, and the force 
developed along rod CD. The connections at C and D are 
ball-and-socket joints. 





Equations of Equilibrium: Since rod CD is a two - force member, it exerts a force Fnc directed along 
its axis as defined bya pe on rod BC, Fig. a. Expressing each of the forces indicated on the free - body 
diagram in Cartesian vector form, 


Fa =A,it Ayj+ Ack 


Fr = E,i+E,k 
W =[-250k] Ib 
F pc =-Fock 


Applying the force equation of equilibrium 
F =0 F4+Fg +F +W=0 
(Ari + Ayj+ Az k)+(E,i+ E,k)+(—Fpc k)+(—250k) = 0 


(Ax + Er i+ (Ay )j+ (A; + E; — Foc )k = 0 


Equating i, j, and k components, 

A, +E,=90 (1) 
Ay =0 (2) 
A, + E, -Fpc -250 = 0 (3) 


In order to apply the moment equation of equilibrium about point A, the position vectors rac , rag, and rap , 
Fig. a, must be determined first. 

rac = F li+ 1 jift 

rag =([2jift 

rap =[l.5i+3j]ft 

Thus, 

IM, = 9; (tac XF pc )+ (tag XFg)+ (rar x W)=0 

(—li+ 1j) x (—Foc k ) + (2j) x (E,i+ E,k)+ (1.5i+ 3j) x (-250k) = 0 

(=Fpc +2E, = 750 ji+ (375 = Frc )i+ (-2E, k = 0 
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Fquating i, j, and k components, 

Foc +2E, ~ 750=0 (4) 
375- Foc =0 (5) 
-2E =0 (6) 


Solving Eqs. (1) through (6), yields 


Foc = 375 1b 
E, =0 

E, = 562.5 1b 
A, = 0 

Ay =0 

A, = 62.51b 


Ans, 
Ans. 
Ans. 
Ans. 
Ans. 
Ans, 
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*5—72. Determine the components of reaction acting at the 
smooth journal bearings A, B, and C. 





Equations of Equilibrium: From the free - body diagram of the shaft, Fig. a, Cy and 
C, can be obtained by writing the force equation of equilibrium along the y axis and the 
moment equation of equilibrium about the yaxis. 


EF, =0; 450008 45°+C, = 0 
Cy = -318.20 N =-318N Ans. 

EM, = 0; C,(0.6)— 300=0 
C, = 500 N Ans, 


Using the above results and writing the moment equations of equilibrium about the x and z axes, 


EM, = 0; B,(0.8)—450cos 45°(0.4)—450sin45° (0.8+ 0.4) + (318.20 X0.4)+ 5000.8 +0.4)= 0 
B, = -272.70N = -273 N Ans. 

EM, = 0; —B,(0.8)—(-318.20)(0.6)= 0 
B, = 238.65 N =239N Ans. 


Finally, using the above results and writing the force equations of equilibrium along the xand yaxes, 


IF, =0; A, +238.5=0 
A, = -238.65N =-239N Ans. 
EF, =0; A, —(-272.70)+ 500 —450sin45° = 0 
A, = 90.90 N =90.9N Ans. 


The negative signs indicate that Cy, B, and A, act in the opposite sense of that shown on the free - body 
diagram. 
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e573. Determine the force components acting on the ball- z 
and-socket at A, the reaction at the roller B and the tension 
on the cord CD needed for equilibrium of the quarter 
circular plate. 





Equations of Equilibrium : The normal reaction N, and A, can be 
obtained directly by summing moments about the x and y axes respectively. 


=M,=0; Ng (3)—200(3) - 200(3sin 60°) = 0 ` 
N; =373.21 N =373N Ans | 


EM, =0;  350(2)+200(3cos 60°) -A, (3) =0 
A, = 333.33 N =333 N Ans 


ZE=0;  Tep +373.21+333.33-350-200-200=0 





Tep = 43.5 N Ans 
EF =0; A, =0 Ans 
IF =0; A, =0 Ans 
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5-74. Ifthe load has a weight of 200 lb, determine the x, y, 
z components of reaction at the ball-and-socket joint A and 
the tension in each of the wires. 








Equations of Equilibrium: Expressing the forces indicated on the free - body diagram, Fig. a, in Cartesian 
vector form, 


Fa = A,it+Ayj+ Ak 
W =[-200k] Ib 
Fpp = Fppk 


(4- 4)i+(0-4)j+(3- Ok 


Fo = Fop tœ = bo eel -(-Srei+3 Foo) 
da ~ 4)? +(0- 4)? +(3- 0). 5 5 


F EF = Fr k 
Applying the force equation of equilibrium, 
iF =@ Fa +Fgp +F + Fe + W=0 


(Azi+ Ayj+ A,k)+ Fpp k+(-Sepi+ 2k) +Firk + (-200k) = 0 


(Ax ia, -Í Rp ja + Fpp +F + FEF -200 y = 0 


Equating i, j, and k components, 


,=0 (1) 
A ani; aD (2) 
Y 5 cD 

Az + Fap += Fop + Far -200= 0 3 


In order to write the moment equation of equilibrium about point A, the position vectors rag , Tag. lac, and 
rag must be determined first. 


rap = ilft 

rag =[4i+2jlft 

Fac =[4i+4j]ft 

rag = 2i+4j)ft 

Thus, 

IM 4 = 0; (rag X Fpp)+ (rac XFop )+ (tag X Fee )+ (rag x W)=0 


(41)x( Fapk)+ (41445) x{ -S Fen i+ 3 Fapk | +(24+45)x(Fark)+(4i+ 2j) x (-200k) 


($o +4FEẸF -400)i+( -Fao -22 Rp =2 FEF +800 }i+(-48 Fe k- 0 
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Equating i, j, and k components, 


“Fep + 4Fer - 400 = 0 (4) 
12 

4 Fpp - “Fp ~ 2Fer + 800= 0 (5) 

-Fp =0 (6) 


Solving Eqs. (1) through (6), 


p =0 Ans, 
Frr = 100 1b Ans. 
Fgp =150 1b Ans. 
A,=0 Ans. 

Ay = 0 Ans. 
A, =100Ib Ans. 


The negative signs indicate that A, acts in the opposite sense to that on the 
free- body diagram. 





E(Z, 40) ft 
C(4,4,0)Jt 
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5-75. Ifthe cable can be subjected to a maximum tension 
of 300 lb, determine the maximum force F which may be 
applied to the plate. Compute the x, y, z components of 
reaction at the hinge A for this loading. 


EM, = 0; 3(F) - 300(9) = 0 
F = 900lb Ans 
0; A=0 Ans 
0; A, =0 Ans 
0; -900 +30 +4 =0; A = Ob Ans 
Ma, + 900(1)- 3 (300) = 0; My =0 Ans 


IM, = 0; My, =0 Ans 





*5-76. The member is supported by a pin at A and a cable 
BC. If the load at D is 300 Ib, determine the x, y, z 
components of reaction at the pin A and the tension in 


cable B C. 
4. 6, 2 
Be = Belgi- $4 Fal | 
} May ' 
= V | ma = -_ 
EF, = 0; A+ (=) lec 0 ‘ 


r= 4-(S)ne = 





EF, = 0; A- 300+ (F)tec = 0 


IM, =0;  - 300(6) + (=) rc (6) =0 





EM, = 0; May - 300(2) + (E)n (4) =0 


EM, =0; Ma -()tc © + ($ee (4) =0 


Solving, 

Toc = 1.05 kip Ans 

A, = — 450lb Ans 

A, = 9%001b Ans 

A = Ans 
May = — 600 lb: ft Ans 


Mı: = - 900b: ft Ans 
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e5-77. The plate has a weight of W with center of gravity at 
G. Determine the distance d along line GH where the 
vertical force P = 0.75W will cause the tension in wire CD to 
become zero. 














Equations of Equilibrium: From the free - body diagram, Fig. a, 


2M ,=0; Tg (L)- "(= }- a7sw) $ — dcos as" = 0 


Ter L — 0.875WL + 0.5303Wad = 0 (1) 
My’ = 0; 0.75W( dsin45°) — Ter (5) =0 
1.0607Wd - Tgr L = 0 (2) 


Solving Eqs. (1) and (2) yields 


d = 0.550L 


J 
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5-78. The plate has a weight of W with center of gravity at 
G. Determine the tension developed in wires AB, CD, and 
EF if the force P = 0.75W is applied at d = L/2. 








Equations of Equilibriam: From the free - body diagram, Fig. a, Tg can be 
obtained by writing the moment equation of equilibrium about the x’ axis. 


ZM , = 0; 0750 E+ osas +W{ Z) Ta L)=0 


Tap = 1.1402 W =1.14W Ans, 


Using the above result and writing the moment equations of equilibrium about the 


yand y’ axes, 
L L L. IL 
IM, =0; M+ jonsi +S sin as°|- 1402 4) ~Tgp(L)= 0 
Teg = 0.570 W rem 
IL L L L 
IM yr = 0; Tep (L)+ 1.1402 = |- w| = |- 0.75w| = -sinase | = 
y cp (L) W( <) (ż) w|% 5 sings? | 0 
Tep = 0.0398 W Ans. 
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5-79. The boom is supported by a ball-and-socket joint at A z 
and a guy wire at B. If the 5-kN loads lie in a plane which is 
parallel to the x-y plane, determine the x, y, z components of 
reaction at A and the tension in the cable at B. 








Equations of Equilibrium : 


IM, =0;  2{Ssin 30°(5)] - J (1.5) =0 
Ta = 16.67 KN = 16.7 kN Ans 


EM, =0; Scos 30°(5)—Scos 30°(5) = 0 (Statis fied!) 
IE =0; A, +5cos 30°-5cos 30°=0 
A, =0 Ans 


EF =0;_ A, -2(5sin 30°) =0 
A, = 5.00 kN Ans 


ER =0; A,-16.67=0 A,=16.7kN Ans 
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*5-80. The circular door has a weight of 55 lb and a center 
of gravity at G. Determine the x, y, z components of 
reaction at the hinge A and the force acting along strut CB 
needed to hold the door in equilibrium. Set 0 = 45°. 


rca = 3sin45°i + (3 + 3cos45°)j+ ók 


= (2.1214 + 5.121) + 6k} ft 





roa = y (2.121)? + (5.121)? +(6)? = 8.169 











2.121 
LF, = 0; (=5) 5 
A+ T *° 
A= =-114b Ans 
5.121). 
LF, = 0: ( Fe, = | 
” a a) ae A= -275b ns 
6 = 
IR =0; A-55+ (<5 ) Feo = 0 A= 228i Ans 
IM, = 0; My- (= )3.9 6 sin 45°) = 2 
A ER i va feo (3 + 3cos 45°) = 0 8.169 a See Aa 
Ima M, - (212!\4 5.121) 
Fca = 43.9lb Ans at} TA 3.9) (3 + 3 cos 45°) + Easa sin 43°) 


a J 
Ma = 0 Ans 


£ 


= 


Maz 
May 
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e5-81. The circular door has a weight of 55 Ib and a center 
of gravity at G. Determine the x, y, z components of 
reaction at the hinge A and the force acting along strut CB 
needed to hold the door in equilibrium. Set 0 = 90°. 


Fea = (31+ 35 + 6k) ft 


rea = y (3)? +(3)? +(6)? = 54 





Thus, 

LF, = 0; a+ [a =0 hus 
A, = - 27.5hb Ans 
3 
EF = 0; -|\Fee = 0 A, = = 27.5b Ans 
olde 
A = 0 Ans 
EF = 0; a- sse (E)r } 
= 0: = | — |(67.36) (3) = 0; = 165lb-ff A 


6 
IM, a d =- 55 (3) + Ag (3) = 0 
54 


IM = 0; Mu- [ors (3) + AG (3) =0 


434 


[J54 


Me = 0 Ans 


Fep = 67.36 r 67.4 ib Ans 
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5-82. Member AB is supported at B by a cable and at A by 
a smooth fixed square rod which fits loosely through the 
square hole of the collar. If F = {20i — 40j — 75k} lb, 
determine the x, y, z components of reaction at A and the 
tension in the cable. 














4 6 
Pe a =- hel + Fach + Fock 
ac acl + 4 ac) + iat 
12 
EF, = 0; Ae + 20 - -Re s 0 
14 
4 
EF, = 0; A, =40 + —Fae = 0 
l4 
IF =0: -75+ ÉF = 0 
E ' l4 BC 
Fac = 175 Ib Ans 
A = 130 Ib Ans 
A, = -101b Ans 
IM, = 0; SATIA + My = 0 
Mi, = ~300 lb-ft Ans 
AS 
IM, = 0; 75(12) - <(175)(12) + Muy = 0 | 
F= fz0i 4o; 
My =0 Ans ¢ {-75kf Ib 
12 4 
IM, = 0; -4002 + FUTA + —(175)(12) + Mu = 0 
Mau = -720 lb-ft Ans 
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5-83. Member AB is supported at B by a cable and at A by 
a smooth fixed square rod which fits loosely through the 
square hole of the collar. Determine the tension in cable BC 
if the force F = {—45k} Ib. 


12 
Frc = ~—Faci + 
ac Tiai 


6 : 
z j4 45 = 0 











a 
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*5-84. Determine the largest weight of the oil drum that 
the floor crane can support without overturning. Also, what 
are the vertical reactions at the smooth wheels A, B, and C 
for this case. The floor crane has a weight of 300 1b, with its 
center of gravity located at G. 





Equations of Equilibrium: The floor crane has a tendency to overturn about the y” 
axis, as shown on the free - body diagram in Fig. a. When the crane is about to overturn, 
the wheel at C loses contact with the ground. Thus 








Nc =0 Ans. 
Applying the moment equation of equilibrium about the y’ axis, 


ZM y = 0; W(10cos 30° — 2- 4) —300(4) = 0 
W = 451.08 lb =451 Ib Ans. 


Using this result and writing the moment equation of equilibrium about the xaxis 
and the force equation of equilibrium along the z axis, 


IM, = 0; Ng (2.5)- N4 (2.5)= 0 (1) 
EF, =0; N4 +N p- 300- 451.08 = 0 (2) 


Solving Eqs. (1) and (2), yields 
Na = N g = 375.54 |b = 376 Ib Ans. 
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e5-85. The circular plate has a weight W and center of 
gravity at its center. If it is supported by three vertical cords 
tied to its edge, determine the largest distance d from the 
center to where any vertical force P can be applied so as not 
to cause the force in any one of the cables to become zero. 





Assume T, = Ty = 0 





IEM- = 0; To(r + rcos 60*) - W(rcos 60°) - P (d + rcos 60") = 0 
EIR 20% T%-W-P=0 


Eliminating T- we get 


Wr+Pr=-Pd=209 


d=r(1+5) 


Assume J; = 0 


EM- = 0; W (r cos 60°) ~ P (d') = 0 


Wr 
d' - Á 
2P 
Thus 
Wr 
d= — 
rcos 6? + 7P 


F 
d=5(1+F) Ans 
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5-86. Solve Prob. 5-85 if the plate’s weight W is neglected. 


Assume h = Th 20 
IM,_, = 0; Te (r +7 cop’) - P(d+r cos 60°) =0 
IF,=0, Te-P=0 
dar 
Assume pal: 


IM. =% P(d)=0 


d'=0 
Thus, 
d= r cos 60° +0 
d=; Ans 
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5-87. A uniform square table having a weight W and sides 
ais supported by three vertical legs. Determine the smallest 
vertical force P that can be applied to its top that will cause 
it to tip over. 


a 
@ = tan`! —_ = 26,565° 


d= (3) sin 26,565° = 0.22364 < ; 


d' =a sin 26.565° = 0.4472 a 
For Paia, put P at the comer as shown. 
EMsc 20;  W(0.2236 a) - P (0.4472 a) = 0 


Ps3.5 W Ans 
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*5-88. Determine the horizontal and vertical components 
of reaction at the pin A and the force in the cable BC. 
Neglect the thickness of the members. 






















































































IM, =0; Fac cos30°(7) - 450( 1.5) - 100(4.5) =0 
Fac = 185.58 N = 186 N Ans 
EF,=0; A -185.58 cos30°=0 A =I61N Ans 
+ÎEF, =0; A, +185.58 sin30°-450- 100=0 


A, = 457 N Ans 
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e5-89. Determine the horizontal and vertical components 
of reaction at the pin A and the reaction at the roller B 
required to support the truss. Set F = 600 N. 





Equations of Equilibrium : The normal reaction N, can be obtained 
directly by summing moments about point A. 


(+ IM, =0;  600(6)+600(4) + 600(2) - Np cos 45°(2) = 0 
Nz = 5091.17 N = 5.09 kN Ans 


+ EF =0; A, -5091.17cos 45° =0 
A, = 3600 N = 3.60 kN 


+TIF =0;  5091.17sin 45°-3(600)-A, =0 


5-90. If the roller at B can sustain a maximum load of 
3 kN, determine the largest magnitude of each of the three 
forces F that can be supported by the truss. 





Equations of Equilibrium : The unknowns A, and A, can be eliminated 
by summing moments abaut pount A. 


G EM, =0;  F(6)+F(4)+F(2)=3cos 45°(2) =0 
F = 0.3536 kN = 354N 
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5-91. Determine the normal reaction at the roller A and 10kN 


-— 0.6 m —>;-— 0.6 m 


horizontal and vertical components at pin B for equilibrium 
of the member. 





Equations of Equilibrium : The normal reaction N, can be obtained 
directly by summing moments about point B. 


G+ EM, =0; — 10(0.6+ 1.2cos 60°) +6(0.4) 
~N, (1.2+ 1.2cos 60°) =0 


N, = 8.00 kN Ans 1O KN 


Ž, EF =0; B, -60s 30°=0 B, =5.20 kN Ans 


+TIF =0; 8B, +8.00-6sin 30°-10=0 
B, = 5.00 kN Ans 
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*5—92. The shaft assembly is supported by two smooth Z 
journal bearings A and B and a short link DC. If a couple 
moment is applied to the shaft as shown, determine the 
components of force reaction at the journal bearings and the 
force in the link. The link lies in a plane parallel to the y—z 
plane and the bearings are properly aligned on the shaft. 








IM, = 0; -250 + Fop 00820°(0.25 cos30°) + Fep sin20°(0.25 sin30°) = 0 
Epp = 1015.43 N = 1,02 EN Ans 
X{Mz), = 0; —A,(0.7) — 1015.43 sin20°(0.42) = 0 
A, =— 208.38 = ~208N Ans 
ER =0; —208.38 + 1015.43 sin20° + B, = 0 
B, = -139N Ans 
IMa) = 0; A (0.7) — 1015.43 cos20°(0.42) = 0 
A, = 372,51 = 573.N Ans 


IR = 0; 57251 - 1015.43 cos20° + B, = 0 


B, = 382 N Ans 





0-25C0$30°m 
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10 kip 


e5-93. Determine the reactions at the supports A and B of 7 ki 
5 kip 1P 2 kip 
6 ft = 


the frame. 














Skip 7kip /okip — 2kip 





Qan =0;  5(14) +7(6)+0.5(6) -2(6) -4 (14) =0 


A, = 7.357 kip = 7.36 kip Ans 
Í F, =0; 8, -0520 B, =0.5 kip Ans Ay 
| a 0:5 kip 


+TEF, =0; 8, +7.357-$-7-10-230 


B, = 16.6 kip Ans 
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5-94. A skeletal diagram of the lower leg is shown in the 
lower figure. Here it can be noted that this portion of the leg 
is lifted by the quadriceps muscle attached to the hip at A 
and to the patella bone at B. This bone slides freely over 
cartilage at the knee joint. The quadriceps is further 
extended and attached to the tibia at C. Using the 
mechanical system shown in the upper figure to model the 
lower leg, determine the tension in the quadriceps at C and 
the magnitude of the resultant force at the femur (pin), D, 
in order to hold the lower leg in the position shown. The 
lower leg has a mass of 3.2 kg and a mass center at G4; the 
foot has a mass of 1.6 kg and a mass center at G3. 


















(Emo =0; Tsin 18.43°(75) -3.2(9.81)(425 sin75°) 
= 1.6(9.81)(725sin75°) = 0 
T = 1006.82 N = 1.01 kN Ans 
+ÎIF, =0; D, + 1006.82 sin 33.43° = 3.2(9.81) - 1.6(9.81) = 0 
D, = -507.66 N 
IF, =0; D, ~ 1006.82 cos 33.43° = 0 


D, = 840.20 N 


Fp = D2 + D? = y (507.66)? + 840.207 = 982 N Ans 
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5-95. A vertical force of 80 lb acts on the crankshaft. 
Determine the horizontal equilibrium force P that must be 
applied to the handle and the x, y, z components of force at 
the smooth journal bearing A and the thrust bearing B. The 
bearings are properly aligned and exert only force reactions 


Z 
80 Ib 10 in. y 





on the shaft. Q 
A 
14 in. 
6 in. 
x 
8 in. 
CS 

PN 4 in. 

P 
IM, =0; P(8)-80%10)=0 P = 100 ib Ans 


EM: =0; B,(28)-80(14) =0 B, = 40 Ib Ans 


EM, =0; —8,(28)~10K10)=0 3B, =-35.7 lb Ans 





‘EFp=0; A. +(=35.7)-100=0 A, = 136 lb Ans 
ER =0; B =0 Ans 
EE=0; Ą+40-80=0 A, = 40 Ib Ans 


Negative sign indicates that B, acts in the opposite sense to that shown on the FBD. 
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*5-96. The symmetrical shelf is subjected to a uniform 
load of 4 kPa. Support is provided by a bolt (or pin) located 
at each end A and A’ and by the symmetrical brace arms, 
which bear against the smooth wall on both sides at B and 
B'. Determine the force resisted by each bolt at the wall 
and the normal force at B for equilibrium. 








<—0.2 m 


Equations of Equilibrium : Each shelf s post at its end supports half 
of the applied load, ie, 4000(0.2) (0.75) = 600 N. The normal reaction Ng 
can be obtained directly by summing moments about point A. 


Aney Ades 
(+ =M,=0; WN, (0.15)-600(0.1)=0 N,=400N Ans ee belo /o) 2 ee N 


5 IF =0; 400-A,=0 A, =400N 
+TIF=0; A,-600=0 A, =600N 
The force resisted by the bolt at A is 


F, = JA? +A}? = y 400 + 600? = 721 N Ans 
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e6-1. Determine the force in each member of the truss, 
and state if the members are in tension or compression. 


Method of Joints: We will begin by analyzing the equilibrium of joint D, and then proceed to 
analyze joints C and D. 








Joint D: From geometry, 6 = wa"'( 3) = 26.57°. Thus, from the free - body diagram in Fig. a, 





IF, =Q 600 — Foc sin26.57° = 0 
Foc = 1341.64. N =1.34kN (C) Ans. 
+ TER, =0; 1341.64cos 26.57° — Fpp = 0 
Fpg = 1200N =1.20kN (T) Ans. 
Joint C: From the free - body diagram in Fig. b, 
+f EF,’ = 0; -F 00826.57° = 0 
For; =0 Ans. 
+\28,' = 0; Fog -1341.64 = 0 
Fo, = 1341.64 N =1.34kN (C) Ans. 
Joint E: From the free - body diagram in Fig. c, 
=F, =Q 900 - Frp sin45° = 0 
Fep =1272.79N =1.27kN (C) Ans, 
+ TF, =0; 1200+ 1272.79cos 45° — Fe, =0 
Fra = 2100N =2.10kN (T) Ans. 


Note The equilibrium analysis of joint A can be used to determine the components of support reaction 
at A. 
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6-2. ‘The truss, used to support a balcony, is subjected to 
the loading shown. Approximate each joint as a pin and 
determine the force in each member. State whether the 
members are in tension or compression. Set P4 = 600 lb, 























P, = 400 bb. 
Joint A : 
+TIF =0, F,psin45° — 600= 0 
Fp = 848.528 = 849 1b (C) Ans io. 
SONE Fa 
EF, = 0; Fin — 848.528c0845° = 0 @ Re 
Fap 
Fp = 600 Ib (T) Ang 
Joint B : 
p 
+ TIE =0; Fp — 400= 0 ane 
l Fac 
Fp = 400 Ib (C) Ans on. x 
P | "BD 
LE, = 0; Rc - 600 = 0 
Fc = 600 Ib (T) Ans 
Joint D: 
+ TER =0; Foc sin45® — 400 - 848.5288in45° = 0 
Foo = 1414.214 Ib = 1.41 kip (T) Ans 
SIF, = 0; 848.52800845° + 1414.214c0s45° — Fog = 0 
Fog = 1600 lb = 1.60 kip (C) Ans 
¥ 
Prd 
848.528 D Foc 
455 45 
®| Tæ 
404 








6 Solutions 44918 1/26/09 1:45 PM Page 405 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


6-3. The truss, used to support a balcony, is subjected to 
the loading shown. Approximate each joint as a pin and 
determine the force in each member. State whether the 
members are in tension or compression. Set P4 = 800 lb, 




















P, = 0. 
Joint A : 
+TIE =0; F, psin45° — 800= 0 
F p = 1131.4 lb = 1.13 kip (C) Ans Gol] Fe 
$ a " 
IF, = 0; Fy, — 1131.4cos45° = 0 p 
AD 
Fp = 8001b (T) Ans 
Joint B : 
+TIF =0; Fgp - 0= 0 
¢ 
Rp = Ans © 
+ | E. = 
SIF = 0; Fc - 800 = 0 goo Ih Re 
frp 
Fac = 800 Ib (T) Ans 
Join D: 
+TER =0; Foc sin45° ~ 0 — 1131.48in45° = 0 
Foc = 1131.4 lb = 1.13 kip (T) Ans 
SIE = 0; 1131.4c0s45° + 1131.4c0s45° — Fh, = 0 





For = 1600 ib = 1.60 kip (O Ans 
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*6—-4. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Assume each joint as a pin. Set P=4 KN. 




















4m -< 4m 








Method of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint A 


+T EF =0; fal | 4=0 


F g = 8.944 KN (C) =8.94kN (C) Ans 





Í, EF =0; ra -tsu{ =o 
Fy = 8.00 KN (T) Ans 
Joint B 
ER =0; Fe-8.00=0 Fee =8.00kKN(T) Ans 


+TIF=0; Fp-8=0 Fe=8.00kKN(C) Ans 


Joint E 





+f IF. =0;  Fyccos 36.87° ~8.00cos 26.57° = 0 
Fog = 8.944 KN (T) =8.94kN (T) Ans y 


Ry EE, =0;  8.944+ 8.00sin 26.57° + 8.944sin 36.87° - Fep =0 
Fep = 17.89 kN (C) =17.9kN (C) Ans 


Joint D 


+ TIF =0; fe 113| 7) =0 Foc = 8.00KN (T) Ans 


rm 





+ 2 
—~iIF=0; D- asf 


7 


Note : The support reactions C, and C, can be determined by analysing 
Joint C using the results obmined above. 


Jeo D, = 16.0kN 
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e6-5. Assume that each member of the truss is made of steel 
having a mass per length of 4 kg/m. Set P = 0, determine the 
force in each member, and indicate if the members are in 
tension or compression. Neglect the weight of the gusset plates 
and assume each joint is a pin. Solve the problem by assuming 
the weight of each member can be represented as a vertical 
force, half of which is applied at the end of each member. 




















Joint Forces : 


F, = «980 £) = 166.22 N 


F, = 4(9.81)(2+2+ 1) = 196.2 N 


R= aan] 0} 302.47 N 


F =«gan(2+1?) 166.22 N 





Method of Joints : In this case, the support reactions are not required for ap 
determining the member forces. | 


Joint A 


{1 
+TIF =0; fa 100220 
is 


F e = 371.69 N(C)=372N(C) Ans 


> IF =0; ra- 0 


3 


Fs = 332.45 N (T)=332N (T) Ans 


Joint B 


+ 
IF =0; e-33245=0 -=332N(T) Ans 


+TIF=0; ,.-1962=0 
Fog = 196.2 N (C) = 196 N (C) Ans 


Joint E 





i ZF =0; — Feccos 36.87° — (196.2 + 302.47) cos 26.57° = 0 
Fee = 557.53 N (T) = 558 N (T) Ans Fi 


Ne: =0;  371.69+(196.2+ 302.47) sin 26.57° 
+557,53sin 36,87° - Fp =0 
Fp = 929.22N(C)=929N(C) Ans 


Joint D: 


i 
+ TIF, =0; -166.22 — 929,22 ae + Fnr = 0 
y Is DC 
Foc = 582N (T) Ans. 
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6—6. Determine the force in each member of the truss and 
state if the members are in tension or compression. Set 
P; = 2 kN and P, = 1.5 kN. 





Method of Joints : In this case, the support reactions are not required for 
desermining the member forces. 


Joint C 


+TIF =0; Fe,sin30°-1.5=0 
Fea = 3.00 KN(T) Ans 


IE =0; Fey —3.00cos 30° = 0 
Foy = 2.598 kN (C) =2.60kN (C) Ans 


Joint D 
SIE =0; Fpp-2598=0 Foe =2.60KN(C) Ans 


+TEF=0; f,-2=0 Fpa = 2.00 KN (T) Ans 


JIR, =0;  Fpgcos 30° -2,00c0s 30° = 0 
Fag = 2.00 kN (C) Ans 


RHEE. =0;  (2.00+ 2.00) sin 30°+3.00- A, = 
Faa = 5.00 KN (T) Ans 


Note : The support reactions at supportA and E can be determined by 
analyzing Joints A and E respectively using the results obtained above. 
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6-7. Determine the force in each member of the truss and 


state if the members are in tension or compression. Set 
P, = P> = 4 kN. 











Method: of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint C 


+TIF=0; Aegsin30°-4=0 


Fog = 8.00 KN(T) Ans 
Ž IF =0; F-p — 8.00cos 30° = 0 
F-p = 6.928 kN (C) =6.93kN (C) Ans 
Joint D 





SIF =0; Fyp-6.928=0 Fe=6.93kN(C) Ans 


rep = 5-928 EN 





+TIF=0; Fyp-4=0 Fy =4.00KN(T) Ans 


Joint B 


f LF. =0; F pcos 30° - 4.00cos 30° = 0 EN 
Fag = 4.00 kN (C) Ans 4 


\t ER. =0; (4.00+4.00)sin 30° + 8.00- F, =0 
Fa, = 12.0 kN (T) Ans 


Note : The support reactions at support A and E can be determined by 
analyzing Joints A and E respectively using the results obtained above. 





Fog? 4-00 KN 
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*6-8. Determine the force in each member of the truss, 500 Ib 
and state if the members are in tension or compression. Set 

_ -— 3 it 3 ft —-}-— 3 ft —+ 
P = 800 lb. D 





Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
As Fs E= B= C. 
Joint A: From the free - body diagram in Fig. a, 








+ TER, =0; Far sin45° -800 = 0 
Far = 1131.37 lb =1131 lb (T) Ans. 
IF, =Q 1131.37008 45° — Fag =0 
Fag = 8001b(C) Ans. 
Joint F: From the free - body diagram in Fig. b, 
+ T EF, =0; Frg 0os45° — 1131.37 cos 45° — 500 = 0 
Frg = 1838.48 lb = 1838 Ib (C) Ans, 
=F, =Q Fre — 1838.48 sin 45° — 1131.37sin 45° = 0 
Fre = 21001b(T) Ans. 
Joint E: From the free - body diagram in Fig. c, 
EF, =0 Fep —2100=0 
Fgp = 2100 1b (T) Ans. 
+ TF, =0; Fgg = 0 Ans. 
Joint & From the free - body diagram in Fig. d, 
+ TIF, =0; Fpp sin45° — 1838.48sin 45° = 0 
Fpp = 1838.48 Ib = 1838 Ib (T) Ans. 
=F, =Q 800 + 1838.48 cos 45° + 1838.48.cos 45° — Far = 0 
Frc = 34001b(C) Ans. 
Joint C: From the free - body diagram in Fig. e, 
+ TF, =0; Fp = 0 Ans. 
* =F, = 0; 3400 -Nc =0 
Nc = 3400 Ib 
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e6-9. Remove the 500-lb force and then determine the 
greatest force P that can be applied to the truss so that none 
of the members are subjected to a force exceeding either 
800 Ib in tension or 600 lb in compression. 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
A> F> E> BOC. 
Joint A: From the free - body diagram in Fig. a, 








+Î XR, =0; _ Far sin45°-P =0 
Far = 1.4142P (T) 

=F, =0 1.4142P cos 45° — Fap = 0 
Fag = P(C) 

Joint F: From the free - body diagram in Fig. b, 

+ T EF, =0; Frp cos45° — 1.4142P cos45° = 0 
Frp = 1.4142P (C) 

LEF =Q Fre — 1.4142P sin45° — 1.4142P sin45° = 0 
Fre = 2P (T) 

Joint E: From the free - body diagram in Fig. c, 

+ =F, =Q Fep -2P =0 
Frp = 2P (T) 

+ T IF, =0; Fg =0 

Joint B: From the free - body diagram in Fig. d, 

+T LF, = 0; Fpp sin45° — 1.4142 Psin45° = 0 
Fpp = 1.4142P (T) 

=F, =@ P + 1.4142P cos 45° + 1.4142P cos45° — Fg = 0 
Fgc = 3P (C) 

Joint C: From the free - body diagram in Fig. e, 

“=F. =Q 3P-Nc =0 
Nc =3P 

+ TF, =0; Fp =0 


From the above results, the greatest compressive and tensile forces developed in the member are 3P 
and 2P, respectively. 


2P = 800 Ib P = 400 1b 
3P = 600 Ib P = 2001b (controls) Ans. 
4 
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6-10. Determine the force in each member of the truss <~—4 ft —-}«—4 ft —-— 4 ft —-— 4 ft — 


and state if the members are in tension or compression. Set 
P, = 800 lb, P, = 0. 











Joint B : 
YE5=0 Mio =0 
yI =% Fag = Foc 
Jom G: 


+TER =0; Fog sind=0 





Feg = 0 
SEI; =ù Fig=0 


Joint C: 


SEF, = 0; Shc 7 Feo = 0 


+TER =0; 3 (Fac) + $ (Feo) ~ 800 = 0 


Fic = Feo = 667 lb (C) 


Due to symmetry : 

For Fag 0 Ans 

Fer = Fega 0 Ans 
Fr = Figa 0 Ans 

Fia = Fog = 6671b(C) Ans 


Fac = Fep = 667 Ib (C) Ans 
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6-11. Determine the force in each member of the truss — 4 ft—l-— 4 ft—— 4 ft —— 4 ft — 
and state if the members are in tension or compression. Set 
P, = 600 lb, P) = 400 lb. 











Joint 8 : 

AIF =0; fg 20 Anr P foa 
+f EF, = 0; Fac = Faa Æ 

Joint G : 


+TIs a0 Foc sn@ = 0 


Foc =0 Ans 


SIF, =0; Fo, =0 Ans he 


Joint D : ff hn 


AREF, =O Fos- Foc = 0 
Fog = Foc 

+fAZF, = 0; For - 40020 
For = 400 b (C) Ans 

Joint F : 

+} EF, = 0; Fr sin $3.13° - Frc sin 53.13° = 0 
Frg = Fre 

+fEF, = 0; 2F cos 53.13° - 400 = 0 


Fre = Fre 3333.33 333b(T) Ans 


Joint C: 


EF, = 0; Fac cos 36.87° = Foc cos 36.87° + 333,33 cos 73.74° = 0 
+TIF, =0; Fac sin 36.87° + Foc sin 36.87° — 600 - 333.33 sin 73.74° = 0 
Fac = Faa = 708 Ib (C) Ans 


Foc = Fog = 825 ib (C) Ans 





k=O! .=33333 Ib 
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*6-12. Determine the force in each member of the truss 
and state if the members are in tension or compression. Set 


Jom D: 

t 5 

+IEF = 0; Foo (=| - 100 = 0 
Fap = 260 lb (C) Ans 

SEF, = 0; 240 - Fen + 260(=) = 0 


Fep = 480 ib (T) Ans 


+TIF, =0; Frc = 0 Ans 


~ IF, = 0; Fy, = 0 Ans 


Joint B : 
5 
+T IF, = 0; Fac - 260(=) = 0 


Fac = 100 b m Ans 
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e6-13. Determine the largest load P, that can be applied 
to the truss so that the force in any member does not exceed 
500 lb (T) or 350 Ib (C). Take P4 = 0. 


Joint A: 


+TEF, =0; Aycsing =0 





Fc = 0 


Joint D : Maximum tension member is DC : 
+TIF, = 0; - P, + Fos sin 22.62? =0 500 = 2.40 P; 
Fog = 2.60 R (C) P, = 208 lb 
IF, = 0; 2.60 P, cos 22.62° - Foe = 0 Maximum compression member is DB : 
Foc = 240 A (D 350 = 2.607, 
P, = 135 lb 
Joint B : 


Thus member DB reaches the critical value first. 


+TIF = 0; Fac — 2.607 sin 22.62° = 0 
P, = 135 Ans 


Fae = A (T) 
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6-14. Determine the force in each member of the truss, 1200 Ib P 1200 Ib 
and state if the members are in tension or compression. Set 
P = 2500 lb. 4 ft —— 4 ft — j 4 ft —— 4 ft 





Support Reactions: Applying the moment equation of equilibrium about point A to the 
free- body diagram of the truss, Fig. a, 
(+2M 4 = 0; N p (8 +8)—1200(8 + 8)— 25008) = 0 
Np = 2450 Ib 




















Method of Joints: We will begin by analyzing the equilibrium of joint B, and then that of 





joints C and G. 
Joint B: From the free - body diagram in Fig. b, 
=F, =Q Fg =0 Ans. 
+ T IF, =0; 2450 — Fae =0 
Fac = 2450 lb (C) Ans. 
Joint C: From the free - body diagram in Fig. c, 
+ T EF, =0; 2450 — 1200- Fa; sin45° =0 
Fog = 1767.77 |b = 1768 Ib (T) Ans. 
“IF, = Fop —1767.77c0s45° = 0 
Fcp = 1250 1b (C) Ans. 
Joint G: From the free - body diagram in Fig. d, 
+ Î IF, = 0; 1767.77cos45° — Fgpcos45° =0 
Fgp = 1767.77 |b = 1768 Ib (C) Ans. 
=F, =@ 1767.77sin45° + 1767.77sin45° — For = 0 
For = 2500 1b (T) Ans. 
Due to the symmetry of the system and the loading, 
Fag = Fpc = 24501b(C) Ans. 
Far = Frc =0 Ams. 
Frp = Fep = 12501b(C) Ans. 
Fer = Fog = 1767.77 |b = 1768 lb (T) Ans, 
Fpp = Fop = 1767.77 |b = 1768 lb (C) Ans. 






Fac = 2450 |b 
(oe) 


Feg=!70F-17 lb 
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6-15. Remove the 1200-lb forces and determine the 1200 Ib P 1200 Ib 
greatest force P that can be applied to the truss so that none 
of the members are subjected to a force exceeding either d ae o 2 Sa 


2000 Ib in tension or 1500 Ib in compression. 











Support Reactions: Applying the moment equation of equilibrium about point A to the 
free- body diagram of the truss, Fig. a, 
(+3M 4 = 0; Np (8 +8)- P(8) =0 
Np =0.5P 

















Method of Joints: We will begin by analyzing the equilibrium of joint B, and then that of 


joints C and G. 

Joint B: From the free - body diagram in Fig. b, 

SEF =O Fag =0 

+ TIF, =0; 0.5P — Fec =0 
Frc = 0.5P (C) 

Joint C: From the free - body diagram in Fig. c, 

+ TSF, =0; 0.5P — Fagsin4s° =0 
Fog = 0.7071P (T) 

=F, =Q Fcp —0.7071Pcos45° = 0 
Fp = 0.5P (C) 

Joint G: From the free - body diagram in Fig. d, 

+ TX, =0; 0.7071 Pcos45° — Fgpcos45° =0 
Fgp = 0.7071P(C) 

7 SF.= 0 0.7071 Psin45° + 0.7071 Psin45° — For = 0 
For = P (T) 


Due to the symmetry of the system and the loading, 
Fag = Fac = 0.5P (C) 

Far = Fg =0 

Fgp = Fp = 0.5P(C) 

Fer = Fog = 0.7071 P(T) 

Frp = Fop = 0.7071P (C) 


From the above results, the greatest tensile and compressive forces developed in the member of 
the truss are P and 0.7071P, respectively. Thus, 

0.7071P = 1500 P = 2121.33lb 

P = 2000 lb (controls) Ans. 






foc” Osp 
©) 


g0 WNP 
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*6-16. Determine the force in each member of the truss, 
and state if the members are in tension or compression. Set 
P=S5KN. 

















Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to 
analyzing that of joints B and D. 


Joint A: From the free - body diagram in Fig. a, 
ZF = 0; Fap sin73.74° — 5sin53.13° = 0 


y 
Fap = 4167kN = 4.17KN (T) Ans. 
ER = 0; 4.167cos 73.74° + 500s 53.13° — Fag =0 
Fag =4.167kN =4.17kN (C) Ans. 
Joint & From the free - body diagram in Fig. b, 
4 =F, =@ 416 2) Fac ($)-0 
5 5} 
Fac = 4.167KN = 4.17 kN (C) Ans, 
+ TER, =0; Frp —4. 164 2} - 416{3}- 0 
Fpp = 5kN (T) Ans. 
Joint D: From the free - body diagram in Fig. c, 
+ EF," =0; Fpe sin73.74° — 5sin53.13° = 0 
Foc =4.167kN = 4.17 KN (C) Ans. 
1 IF, =0; For -4.167 —5cos 53.13° — 4.167 cos 73.74° = 0 
Fog = 8.333 KN = 833 KN (T) Ans. 


Note The equilibrium analysis of joints E and C can be used to determine the components of 
the support reaction at supports E and C, respectively. 
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e6-17. Determine the greatest force P that can be applied 
to the truss so that none of the members are subjected to a 


force exceeding either 2.5kN in tension or 2kN in 
compression. 























Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to 
analyzing that of joints B and D. 


Joint A: From the free - body diagram in Fig. a, 
AIF = 0; Fap sin73.74° — Psin 53.13° = 0 
4 Fap = 0.8333P (T) 
Yw IF,” = 0; 0.8333P cos 73.74° + P cos 53.13°— Fag = 0 
Fag = 0.8333P (C) 
Joint B: From the free - body diagram in Fig. b, 
+ =F, =@ os337{ $) — Fre ($) =0 
Fac = 0.8333P (C) 


+ TF, =0; Fep -o8333P( $ )- osssa(ż) =0 


Fgp = P (T) 
Joint D: From the free - body diagram in Fig. c, 
A Xy =0; Foc sin73.74°— Psin 53.13° = 0 
Fpc = 0.8333P(C) 
oS LF, =0; For —0.8333P — Pcos 53.13° —0.8333P cos 73.74° = 0 
Fpr = 1.6667P (T) 


From the above results, the greatest compressive and tensile forces developed in the member 
are 0.8333P and 1.6667P, respectively. Thus, 
0.8333P =2 P = 2.40KN 


1.6667P =2.5 P =1.50 KN (controls) Ans. 






tan'6S 
=53./3° 
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6-18. Determine the force in each member of the truss, 900 Ib 
and state if the members are in tension or compression. 


Support Reactions: Applying the moment equation of equilibrium about point C to the 
free - body diagram of the truss, Fig. a, 
(+2Mc = 0; 600(4) + 900(4+4+4)- Ny =0 
N a = 1650 Ib 








Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
F> E> A> B> D. 
Joint F: From the free - body diagram in Fig. b, 





3 

+R, = 0; Fra{ 3) -900=0 

Fra =15001b(C) Ans. 

4 

ZER =0 Fre -1 4)=0 

Fre =12001b(T) Ans. 
Joint E: From the free - body diagram in Fig. c, 
=F, =Q Fgp —1200=0 

Fep = 1200 1b (T) Ans. 
+ TIF, =0; Fr, =0 Ans. 


Joint A: From the free - body diagram in Fig. d, 


+t EF, = 0; 1650- 10{ 2 }- Fa 2) =0 


Fan = 12501b(C) Ans. 
tor = 1 et si = 
Fag = 2001b (C) Ans. 
Joint & From the free - body diagram in Fig. e, 
=F, =0 200 -Fp =0 
Far = 2001b(C) Ans. 
+ T EF, =0; Fp = 0 Ans. 


Joint D: From the free - body diagram in Fig. f, 


+ EF, =Q Foc (=): 12s $) — 1200 = 0 


Foc = 250 lb (T) Ans, 
A3 3 
TIF, = 0; = |= = |=- 60 = 
+ T EF, 2d 2) 252) 600=0 (check) 
Note The equilibrium analysis of joint C must be used to determine the components 4 y 
of the support reaction at C. 
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6-19. The truss is fabricated using members having a 
weight of 101b/ft. Remove the external forces from the 
truss, and determine the force in each member due to the 
weight of the members. State whether the members are in 
tension or compression. Assume that the total force acting 
on a joint is the sum of half of the weight of every member 
connected to the joint. 

















Joint Loadings: 


Fo = Fr = if 435) = 49 Ib 
Fr = Fp = if **8*3) 55 Ib 


Fa = Fp =i 5452453) 45 lb 


Support Reactions: Applying the moment equation of equilibrium about point C to the 
free- body diagram of the truss, Fig. a, 
(+EM c = 0; 45(4+4+ 4)+55(4+4)+85(4+ 4)+ 844) + 55 4)- Ny4(44+4)=0 
Na = 277.5 lb 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
Fo E> A> B>D. 
Joint F: From the free - body diagram in Fig. b, 


+ T SF, = 0; Fra(2)-45=0 
Fra = 75 |b (C) Ans. 
A 
+ =F, =Q Fre -114 )=0 
Fre =601b(T) Ans. 
Joint E: From the free - body diagram in Fig. c, 
+=F. -0 Fep —60= 0 
Fgp = 601b (T) Ans. 
+ TF, = 0; Fra — 55=0 
Fr, = 55 1b(C) Ans. 
Joint A: From the free - body diagram in Fig. d, 
| 3 3)\_ 
+T IF, =0; 215 ~ 55-85-75 2} Fao(2}=0 
Fap = 154.17 lb = 154 Ib (C) Ans. 
TF. =Q Fag +7f 2)- isa. 4) = 0 
Fag = 63.331b = 63.3 Ib (T) Ans, 
Joint B: From the free - body diagram in Fig. e, 
IF, =@ Frc -— 63.33 =0 
Frac = 63.33 lb = 63.3 Ib (T) Ans, 
+ T IF, =0; Fen —55=0 
Fgp = 551b (T) Ans. 
Joint D: From the free - body diagram in Fig. f, 
* =F, =Q 154.14 $ )- 60- Foc{ $}=0 
Foc = 79.17 Ib = 79.2 Ib (C) Ans. 
+ T XR, =0; 154.14 2}+79.17 2 -85-55=0 (check) 
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Fap =/54./716 
Fop 58 /b 


($) 
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*6-20. Determine the force in each member of the truss 
and state if the members are in tension or compression. The 




















load has a mass of 40 kg. 
Jom D : 
ŠEF, = 0; foc (4) - 4 - foe 735) = 0 Be 
1 7 

+TIF, = 0, fo {72} - foe (75) ~ 924 =0 5.70 
Solving, E 

Fog = 0 Ans Fer 

Foc = 555 N (C) Ans ai 

x Y 

Joint E : Fee 


IF, = 0; Fac =0 Ans 

SEF, = 0, Fer = 0 

Join C: 

RI 20 Fer =O Ans 

+AIF = 0; - 555+ Fea = 0 k 
Fes = SS5N(C) Ans 


Jom F: 


è 
sA 
i 

u 
E (© 
N, 

W 

S 

pA 


AIF =% Fp =O Ans Fee 


IF = 0; Fro =0 Ans 





ke0 
Joint 8 : F E,=0 
ALF, = 0; Fg 20 Ans E 
of/ZF, = 0, Faa =555N (C) Ans FG 
Joma : “er 4 
+TIF, 20 Fog 
Feg=O x 
4 
ka= 555N 
fi 
B 
FA 
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e6-21. Determine the largest mass m of the suspended 
block so that the force in any member does not exceed 
30 KN (T) or 25 KN (C). 


























Inspection of joints £, C, F, and.B indicates that EC, CF, FB, and BG 
are all zero - force members. — 


Jom D : 


SEF, = 0; Foc sin 45° + Fog cos 0.25° - W = 0 
+TIA = 0; Foc cos 45° + For sin 30.25° -W = 0 
Foe = 1.414 W (C) 

For = 0 


JointA : 

+TIF, = 0; Fo - 1.414 W sin 45° = 0 
Fag = WM 

For compression of members DC, BC, and AB, 
25 KN = 1.414W 
W = 17.678 kN 

For tension of member AG, 
W = WEN 


Thus the critical value is compression. 





„ 17.678 (10°) N 


TT = 1.80 Mg Am 
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6-22. Determine the force in each member of the truss, 600 N 
and state if the members are in tension or compression. 


Support Reaction: Applying the moment equation of equilibrium about point A on the free - body 
diagram of the truss, Fig. a, 














+IM, =0; Ne (4)-400(1)- 6003) = 0 

Nc = 550 N 
Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
C> DERB 
Joint C: From the free - body diagram in Fig. b, 2m |. 2m 
+ T EF, =0; 550 — Fp sin 45° = 0 

Fep = TTI.82N = TI8 N (C) Ans. 
Ż EF, =0, TT7.82c08 45°- Fp =0 

Fo = 550N(T) Ans. 
Joint D: From the free - body diagram in Fig. c, 
+ TER, =0; Fpg sin 45° + 777.82sin 45° — 600 = 0 

Fog = 70.71N = 70.7 N (C) Ans. 
SEF, =0 Fpg + 70.71 cos 45° — 777.82 cos 45° = 0 

Fpe = 500 N (C) 
Joint E: From the free - body diagram in Fig. d, 
EF =0; Fpa — 400sin45° — 500sin 45° = 0 

Fry = 63640N =636N (C) 
EF,’ = 0; 500cos 45° — 400 cos 45° — Fep = 0 

Fgg = 70.71N = 70.7N(T) Ans. 
Joint & From the free - body diagram in Fig. e, 
EF, =Q 550 —70.71 cos45° — 70.71cos 45° — Fpa = 0 

Fpa = 450N(T) Ans. 
+ TE, =0; 70.71 sin45° — 70.71 sin45° = 0 (check) 

400N GOON 





ANZN 


a neumna ae 
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6-23. The truss is fabricated using uniform members 600 N 
having a mass of 5 kg/m. Remove the external forces from 
the truss, and determine the force in each member due to 
the weight of the truss. State whether the members are in 
tension or compression. Assume that the total force acting 
on a joint is the sum of half of the weight of every member 
connected to the joint. 

















Joint Loading: 

Fo =F, = sos 2222 = 83.73N 

Fa = 498 yp ete de =167.47N 
Fr = Fp = soa] eee) =118.2N 


Support Reactions: Applying the moment equation of equilibrium about point A to the 
free- body diagram of the truss, Fig. a, 
(+e A =O; Ne (4)—8.7X 4) — 118.42(3) — 167.472) — 118.42(1) = 0 
Nc = 285.88 N 


Method of Joints: We will begin by analyzing the equilibrium of joint C, and then that of 


joint D. 
Joint C: From the free - body diagram in Fig. b, 
+ TER, =0; 285.88 — 83.73- Fp sin45°= 0 
Fen = 285.88 N = 286 N (C) Ans. 
LEIR =O 285.88 00s 45° — Frp =0 
Fema =202.15N = 202 N (T) Ans. 
Joint D: From the free - body diagram in Fig. c, 
+ TIF, =0; 285.88 sin 45° — 118.42 — F pg sin45° = 0 
Fpp = 118.42N =118N(T) Ans, 
+ =F, =0 Fog — 285.8800s 45° — 118.42.c0s45° = 0 
Fpg = 285.88 N = 286 N (C) Ans. 
Due to the symmetry of the system and the loading, 
Fer = Fpg = 118.42N =118N(T) Ans, 
Fea = Fog = 202.15 N =202 N(T) Ans, 
Fra = Frp = 285.88N = 286 N (C) Ans. 


F= 18-42N j -/18.42N 





N-=26568N 
(b) 


| 


| /18-4.2N 
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*6-24. Determine the force in each member of the truss, 
and state if the members are in tension or compression. Set 
P =A4KN. 











Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
A s D F s E=9C. 
Joint A: From the free - body diagram in Fig. a, 








+ Î EF, =0; Far sin45°-4 =0 

Far = 5.657KN =5.66KN (T) Ans. 
> =F, =Q 5.657 cos 45° — Fag = 0 

Fip = 4kN(C) Ans. 
Joint D: From the free - body diagram in Fig. b, 
+ Î EF, =0; Fpg sin 45° -4 = 0 

Fpg = 5.657 KN =5.66KN (T) Ans. 
ER =Q Foc — 5.657 c0s45° = 0 

Foc =4kN(C) Ans. 
Joint F: From the free - body diagram in Fig. c, 
+ TIF, =0; Frp — 5.65700s45° = 0 

FFp = 4 kN (C) Ans. 
LIR =0 Fre — 5.657sin 45° = 0 

FFE = 4kN (T) Ans. 
Joint E: From the free - body diagram in Fig. d, 
+ =F, =Q 5.657 sin45° — 4—F rp sin45° = 0 

Frp =0 Ans, 
+ Î IF, =0; Fre — 5.657 00s 45° = 0 

Fer = 4KN(C) Ans. 
Joint C: From the free - body diagram in Fig. e, 
t IF, =0; Fp -4=0 

Fen = 4kN (C) Ans. 
+T ER, = 0 Nc -4=0 

Nc =4kN 

Y 
FF 
45° 
xX 
A Fas 
4. KN 
(2) 
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e6-25. Determine the greatest force P that can be applied 
to the truss so that none of the members are subjected to a 
force exceeding either 1.5kN in tension or 1KN in 
compression. 














Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
A~D-F—> EC. 
Joint A: From the free - body diagram in Fig. a, 





+ T IF, =0; Far sin45° -P =0 
Far = 1.4142P (T) 

t EF, =Q 1.4142P cos 45° — Fag = 0 
Fap = P(C) 

Joint D: From the free - body diagram in Fig. b, 

+ Î IF, =0; Fpg sin 45°- P = 0 
Fpg = 1.4142P (T) 

t EF, =Q Foc — 1.4142 Poos 45° = 0 
Foc =P (C) 

Joint F: From the free - body diagram in Fig. c, 

t+ EF, =@ Fre — 1.4142P sin45° = 0 
Frg =P (T) 

+ T IF, =0; Frp — 1.4142P cos 45° = 0 
Frp = P(C) 

Joint E: From the free - body diagram in Fig. d, 

SF, =Q 1.4142Psin 45° — P — Fpp sin45° = 0 
Fg = 0 

+ Î IF, =0; Fg — 1.4142P cos 45° = 0 
Fro = P(C) 

Joint C: From the free - body diagram in Fig. e, 
Fœ = P(C) 


From the above results, the greatest compressive and tensile forces developed in the member 
are P and 1.4142P, respectively. Thus, 

P= 1kN (controls) Ans. 

1.4142P =1.5 P =1.06KN 
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6-26. A sign is subjected to a wind loading that exerts 
horizontal forces of 300 Ib on joints B and C of one of the 
side supporting trusses. Determine the force in each 
member of the truss and state if the members are in tension 
or compression. 





Joim C: 

SEF, = 0; 300- Fep sin22.62° = 0 
Fep = 780 b(C) Ans 

+TIF =0; -Fes + 780 cos 22.6 = 0 


Fep = 720 b (T) Ans 


Joint D : 
pth 20; Fa =0 Ans 
AIF = 0; 780 - Foe = 0 


For = 7801b(C) Ans 


Joint B : 
EF, 20; 300- Fpacos45° + Fygsin4S.24° = 0 


+TIF, = 0; 720—Fy,sin45° -— Fygc0s45.24° = 0 


Fag = 297 b (T) Ans 


Faa = 722 b (D) Ans 
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6-27. Determine the force in each member of the double 
scissors truss in terms of the load P and state if the members 
are in tension or compression. 














L 
+m, = 0; AZ) + a=) - (DL) = 0 


D =P 


+ÎEIE =0; A, =P 





Joint F: 





+TER = 0; Fal) =P= 0 
2 


7 
Fea = (2P = | ALP(T) Rie 
r EAN, Fro 
ER = 0; Fo- Fe- Fai) = 0 sail” Selina 
FE ji le 
fo - Fig = P (1) 
Cont'd 
+ 2 ae | 1 
> EF = 0; E- —) - PA —) -F (—=) = 0 
x al h cD y2 
2 1 | 
=F, -Fien = P 
BB 
2/5 
Fx, = 3 P = 1.4907P = 1.49P (C) 
y2 
Fy = 3 P = 0:4714P = 0.471P(C) 
Joint A 
+ 2 1 2y¥5_ 2 
LE = 0; fe Grp- Ea = 0 
$e , Æ 
5 1 
Fp = 3r = 1.67 P (T) e Fae 
P 
From Eqs. (1) and (2) : 
Fz = 0.667 P (T) Ans 
Fep = 1.67 P (T) Ans 
Fa = 0.471 P (C) Ans 
F g = 1.67 P(T) Ans 
Fic = 1.49P (C) Ans 
Fyp = 1.41 P(T) Ans 
fap = 149 P(C) Ans 
Fe, = 1.41 P(T) Ans 
F-p = 0.471 P (C) Ans 
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*6-28. Determine the force in each member of the truss in 
terms of the load P, and indicate whether the members are 
in tension or compression. 











A 





Suppor Reactions : 














p= 
(HEM; =0; P(2d)~A,(3d)=0 A, = $P 


EF =Q P 
+1 = -P-E =(0 ==—P 
7 7 E E, 3 


SIR=0 Ę-P=0 E=P 


Method of Joints : By inspection of joint C, members CBand CD are 
zero force member. Hence 


Fop = Fep =0 Ams 
Joint A 


l 4 = 
+TIF a ru(z) 0 


F,s =2.404P (C)=240P (C) Ans 


+ j 1 
F p = 200P (T) Ans 
Joint E 


+ 1.5 
+=% 2 =P 
=] 


(jls) 





1.00P -0.4472F, r -0.4472 = 0 (1) 
vise slg) (gs) 
Pa) Piz) "Yiz 
1.333P + 0.89HFp - 0.89447, = 0 [2] 
Solving Eqs. [1] and [2] yield, 
Fp = 1.863P(T) = 1.86P(T) Ans 
Fao = 0.37Z7P(C) = 0.373P(C) Ans 





Joint F 


e sat ns) 


Fg = 1.863P(T) = 1.86P(T) Ans 


> LE =0; Frp + 2) 1. A -200P=0 
1.25 | 


Fp = 0.3333P(T) =0.333P (T) Ans 


Joint D 


sees) 


Fg = 03727P (C)=0.373P (O Ans 


+ 05 
~IF =(0; dosm- 0.3333F = 0 (Check!) 
1.25 } 





431 





6 Solutions 44918 1/26/09 1:46 PM Page 432 





$ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


6-29. Ifthe maximum force that any member can support 
is 4 kN in tension and 3 kN in compression, determine the 
maximum force P that can be applied at joint B. Take 
d=1m. 


Support Reactions : 


(+ EM; = 0: P(2d)-A,(34)=0 A, =P 


4 4 
+TIF =0; 3/5 =0 &=;? 


5ER=0 E-P=0 E=P 


Method of Joints : By inspection of joint C, members CBand CD are 
zerto force members Hence 


Fos = Fep = 0 
Joint A 


l 4 
+TIF =0; -Fa (ae P= F,, = 2.404P (C) 


a 


+ 1.5 
EF =0: F. p- 2.404P| ——— |=90 
= AF | a 


Joint B 


= EF =0; raol 755 |-? 
KODO 


100P- 0.4472F;p -0.4412Fap = 0 (1) 





ıı) fı 
=); 404P| —— |+ Ro = |- fe | -E =0 
a (| vole (7) 
1.333P + 0.8944 Fyn ~0.8944F, p= 0 [2] 


Solving Eqs. [1] and [2] yield, 


Fap = 1.863P(T) Fpp = 0.3727 P(C) 


Joint F 


f 1 1 
TIF =0;  1.863P| ——— |-F =0 
toer fd il ses 


Foe = 1.863P(T) 


J IF =0; fot. sor 75. 2.00P = 0 


Fry = 0.3333P(T) 





Joint D 


l 1 
TER =0; ~0.3727P - |=0 
a rel =] | 


Fog = 0.3727P (C) 


0.5 
+ IF =0; fosrar| se J|-ossse= 0 (Check!) 
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From the above analysis, the maximum compression and tension in the truss 
members are 2.404P and 2.00P, respectively. For this case, compression 
controls which requires 


2404P = 3 
P=1.25kKN 
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6-30. The two-member truss is subjected to the force of 
300 lb. Determine the range of 0 for application of the load so 


that the force in either member does not exceed 400 Ib (T) or 
200 lb (C). 





JomtA : 





+» LF, = 0, 300 cos 6 + Fic + Fay (=) =0 





+TIF =0 - W0sind + Fs G) =0 


Thus, 





Fis = 500 sin 0 
Fic = — 300 œs ô - 400 sin 9 
For AB require : 


= 200 s 500smé@ s 400 


-23s 5smn0s4 (1) 


For AC require : 


= 200 s = 30 cs 8 - 400 sin 8 s 400 


-49S 30086+43m0 <2 (2) 


Solving Eqs. (1) and (2) simultaneously, 
127° < 6s 196° Ans 
336° s 0S MP Am 

A possible hand solution : 


; The range of values for Eqs. (1) and (2) are shown im the figures : 
6, = 6, + tan” (=) = ĝ + 36.870 


Thea 
Fug = 500 sin 8; 


Fic = = 300cos (@, - 36.870°) - 400 sin (@, - 36.870°) 


— 300 [cos 6, cos 36.870° + sin 6 sin 36.870°) 

— 400 [sin @, cos 36.870° — cos @ sin 36.870°) 

= = 240 cos & - 180sin 6; - 320 sin @, + 240 cos 6; 
= -= 500sin 6, 


Since 6, = 6; — 36.870°, the range of acceptable values for @ = 6, is 
Thus, we require 127° < 68s 196° Ans 


-2< 5sinh $4 or 04S sind <08 (1) 336° s 0 S 347° Ans 


~4$5sn@,<s2 of -08S sine S04 (2) 
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Sind 
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6-31. The internal drag truss for the wing of a light | 
airplane is subjected to the forces shown. Determine the | 
force in members BC, BH, and HC, and state if the 
members are in tension or compression. 





2 ft 


















=i 


40 Ib 








i 


60 Ib 


80 Ib 80 Ib 


2ft 


+ TIF, = 0; 180 = Fay sin 45° = 0 


Fey = 255 b(T) Ans 





GMa =0; -Fac (2) + 60 (2) + 40(3.5) = 0 
Feo = 130b(T) Ans 

Section 2 : 

+TIF, = 0; 80 + 60 + 40 — Fac = 0 


= 180 lb (C) Ans 
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SANN" 


C D 
16 m, 4@4m—________ 


*6-32. The Howe bridge truss is subjected to the loading 
shown. Determine the force in members HD, CD, and GD, 30 KN 
and state if the members are in tension or compression. 







20 kN 





20 KN 














OOO 





BOKN SOKN 20KN 4OKN 





Support Reactions : 






ZNN 
Ç+EMu=0;  45.0(8) -40(4) — Fep (4) =0 


Feo = 50.0 KN (T) Ans Ay 


(+EM, =0; E (16) -40(12) - 20(8) ~20(4) =0 
E, =45.0kN 











Method of Sections : 


+TIF =0; 45.0-40-F,)sin 45° = 0 
Fap = 7.071 KN (C)=7.07KN(C) Ans 


Method of Joints : Analysing joint D, we have 


+TER=0; Fap-7.07lsin 45° =0 
Fcp = 5.00 KN (T) Ans 
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e6-33. The Howe bridge truss is subjected to the loading 











40 kN 

shown. Determine the force in members H/, HB, and BC, 30 KN 
and state if the members are in tension or compression. AN ou 

J I H G F 

L Gj e E C EF 
/ WN | T 
A [o Yoa A O) zL 
B C D OOK 


16 m, 4@4m - 





BOKN SOKN 20K FOkN 


Support Reactions : 


C+ EM, =0;  30(16) +20(12) +20(8) +40(4) -A, (16) =0 
A, = 65.0 kN 


+ EF =0; A, =0 
Method of Sections: 
(+ EMy=0; ye (4) +20(4) +30(8) - 65.0(8) =0 
Fc = 50.0 KN (T) Ans 


(+ 2M, =0; Fy (4) +30(4) -65.0(4) =0 





+TIF =0; 65.0-30-20-Fypsin 45° =0 
Faa = 21.2 KN (C) Ans 
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6-34. Determine the force in members JK, CJ, and CD of K J 
the truss, and state if the members are in tension or 
compression. 

















Method of Joints: Applying the equations of equilibrium to the free - body diagram of the truss, Fig.a, 


TIF, =Q A, =0 
(MG =0 6(2)+ &4)+5(8)+ 4(10)—Ay (12) = 0 
Ay =10.33kN 


Method of Sections: Using the left portion of the free - body diagram, Fig. a. 


(Mc = 0; Fix (3)+ 4(2)- 1034) = 0 
Fg =11.111kN =11.1 KN (C) Ans. 
(mM J=0; Fop (3) + 5(2)+44)- 10.3%6)= 0 
Fop = 12 KN (T) Ans. 
+ TER, = 0; 10.33-4 - 5- Fy sin56.31° = 0 
Fry =1.602KN = 1.60 kN (C) Ans. 





(A ) (b) 
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6-35. Determine the force in members HI, FI, and EF of K i I 
the truss, and state if the members are in tension or 
compression. 

















Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, 


(+4 =0; Ng(2)- 4(2)— 44)— &8)-— 6(10) = 0 
NG = 12.67kN 


Method of Sections: Using the right portion of the free - body diagram, Fig. b. 


(+m, = 12.6%4)— &2)- Fr (3)= 0 
Fre =12.89kN =12.9kN (T) 

(ma =0; -F py sin 56.31°(2)+ 6(2) = 0 
Fry =7.211kN =7.21 kN (T) 


(mmr =0; 12672)~Fra{ 3 }2)=0 
Fyy = 21.11 KN = 21.1 kN (C) Ans. 


F 


F 





“a! INN 






NAS 


$ 


MA —— i 





Ax 





[2m] um | elegy | 
Ay 4-KN 5KN BKN É KN Ne — GKN Ne= 12-67 KA 


(A ) (b) 
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*6-36. Determine the force in members BC, CG, and GF 
of the Warren truss. Indicate if the members are in tension 
or compression. 








Support Reactions : 


(t2 =0; 6(6)+8(3)-A, (9)=0 A, =6.667 kN 


ZF =0; A, =0 
Method of Sections : 


(+26, =0; Fop (3sin 60°) + 6(1.5) -6.667(4.5) =0 
Fog = 8.08 KN (T) 


(+2M,=0; Fe (3sin 60°) - 6.667(3) =0 
Foc = 7.70 kN (C) 


+TIF =0; 6667-6- Fegsin 60° = 0 
Fog = 0.770 kN (C) 





e6-37. Determine the force in members CD, CF, and FG 
of the Warren truss. Indicate if the members are in tension 
or compression. 








Support Reactions : 
(+2M,=0; 5(9)-8(6)-6(3)=0 E =7.333kN 
Method of Sections : 


(+ 2M, =0; — 7.333(4.5)-8(1.5) — Fog (3sin 60°) = 0 
Fog = 8.08 KN (T) ca 3 Singo’m 


(+ £M, =0;  7.333(3) - Fp (3sin 60°) = 0 
Fep = 8.47 KN (C) 


+TEF=0; Forsin 60°+7.333-8 =0 
For = 0.770 KN (T) 
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6-38. Determine the force in members DC, HC, and HI of 
the truss, and state if the members are in tension or 
compression. 


























Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, 


(+2M 4 =0; 40(1.5) + 30(3)+ 40(2)— F,(4) = 0 
F, = 57.5KN 
* IF, =Q A, —30-40= 0; A, = 70kN 
+ T EF, =0; 57.5 -40-50 +A, = 0; Ay = 32.5KN 


Method of Sections: Using the bottom portion of the free - body diagram, Fig. b. 


(+2M c = 0; 70(3) — 32.5(2) — 4001.5) — Fyr (2) = 0 
Fry = 42.5 KN (T) Ans. 
(+2Mp =Q 70(4.5)— 40(3) — 30(1.5) — Fc (1.5) = 0 
Frc = 100KN (T) Ans. 
+ T IF, =0; 32.5 +425- Fog (=) = 0 
Fpc = 125 KN (C) Ans. 
40 kN 








50 AN 


30 kN 


Sam 
t AO KN 


| hEm 
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6-39. Determine the force in members ED, EH, and GH 
of the truss, and state if the members are in tension or 


compression. 























Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, | 


(+2M 4 = 0; 40(1.5)+ 30(3)+ 40(2)- Fy(4) = 0 
F, = 57.5KN 
+ 
=F, =Q, A, —30-40= 0; Ay = 70KN 
+ Î FF, =0; 57.5 - 40-50 + A, = 0; Ay = 32.5kN 


Method of Sections: Using the left portion of the free - body diagram, Fig. b. 


(+M kF =Q; -57.5(2)+ Foy (1.5)= 0 
FGH = 76.7KN (T) Ans. 
(+2M H = 0, -57.5(4) + Fp (1.5) + 40(2)= 0 
Fgp = 100KN (C) Ans. 
+ Î IF, =0; 57.5- Fey ($)-40=0 
Fry =29.2KN (T) Ans. 
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*6-40. Determine the force in members GF, GD, and CD 
of the truss and state if the members are in tension or 
compression. 





(u = 0; (=) 260 (8) - Fop sin 36.87° (16) = 0 


13 


Fen = 2001b(C) Ans 
| 12 5 
GiM> =0;  Foe(3) - (5) (260) (4) - (=) (260) (3) = 0 
For = 420 bb (C) Ans 
GEM = 0; Fen cos 14,04" (4) - (=) (260) (8) = 0 E ee eee" SB 0 


Fep = 495Ib(T) Ans 





e6-41. Determine the force in members BG, BC, and HG 
of the truss and state if the members are in tension or 
compression. 





4 ft 





gme = 0; 40- (=) oma = 0 
A, = 2400 
tn =0; 4 -(5) 2o 20 


A = 00b 


GiMc = 0;  240(8) — Fac cos 14.04° (4) = 0 
Fac = 4951b(T) Ans 


zm a0;  240(4) + 100 (3) = Fug (3) = 0 





Fac = 420Ib(C) Ans Ay 
(mo = 0 -= 240 (8) + Fag sin 36.87" (16) = O 


Fac = 200 lb (C) Ap 
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6—42. Determine the force in members IC and CG of the 
truss and state if these members are in tension or 
compression. Also, indicate all zero-force members. 











By inspection of joints B, D, H and J, 
AB, BC, CD, DE, HI, and GI are all zero-force members. 
(EM; =0; -450 + EGNA = 0 


Fic = 5.62 KN (C) 


Fey = 5.625 kN 


4 
(5.625) + $(5.625) ~ Foa = 0 


6-43. Determine the force in members JE and GF of the 
truss and state if these members are in tension or 
compression. Also, indicate all zero-force members. 











By inspection of joints. B, D, H and J, 
AB, BC, CD, DE, HI, and GI are zero-force members. 


Joint £: 


4 
+T=R =0; 15 - zig = 0 


3 
SER, =0; 5(9.375) — Ker = 0 


For = 5.625 kN (T) 
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*6-44. Determine the force in members JI, EF, EI, and JE 
of the truss, and state if the members are in tension or 
compression. 


1500 Ib 





Support Reactions: Applying the equations of equilibrium to the free - body diagram of 


























the truss, Fig. a, 
=F, =Q 900 -G, =0 
G, = 900 Ib 
(m 4 =O; 1000(16) + 1500(24)+ 1000(32)+ 900( 24) — G, (48)= 0 
Gy = 2200 Ib 





Method of Sections: Using the right portion of the free - body diagram, Fig. b. 


(Çm: =0; 2200(16) — 900(16) — Fy sin45°(8) =0 

Fy =3676.96 lb =3677 Ib (C) Ans. 
(+My =Q 22008) ~ 900(16) — Fer cos45°(8)= 0 

Fre = 565.69 In =566 lb (T) Ans. 


Using the above results and writing the force equation of equilibrium along the x axis, 


+, =F, =Q 3676.96 cos 45° — 565.69 cos 45° — 900 — Fe; = 0 
Fg = 1300 1b (T) Ans. 


Method of Joints: From the free - body diagram of joint E, Fig. c, 


+ TF, =0; Fg —565.69sin 45° = 0 
FE = 400 Ib (T) Ans. 


1500, 





g fel 4 | 
= | SI] Ge=700 Ib 


bht Tert? 
=Z200 I 
pj mon 
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e6-45. Determine the force in members CD, LD, and KL 1500 Ib 
of the truss, and state if the members are in tension or 1000 Ib 1000 Ib 
compression. 
































Support Reactions: Applying the equation of equilibrium about point Gto the free - body diagram of 
the truss, Fig. a, 


(42M g = 0; 1000(16) + 1500(24) + 1000(32) — 900( 24) — N 4 (48)= 0 
N4 = 1300 1b 


Method of Sections: Using the left portion of the free - body diagram, Fig. b. 


(+2M p = 0, Fxz, (8) + 1000(8) — 900( 8) — 130024) = 0 
Fz, = 3800 Ib (C) Ans. 

(+2M, =Q, Fcp (8)— 1300(16) = 0 
Fcp = 2600 Ib (T) Ans. 

+ T SF, =0; 1300- 1000 — Fyp sin45° = 0 
Fip = 424.26 lb = 424 lb (T) Ans. 

/000 Ib 
1500 lb dooi 
Jolb Lb Fo 





/6 ft Ôft 


Na =/300 Ib 
(b) 
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6-46. Determine the force developed in members BC and C 
CH of the roof truss and state if the members are in tension | 
or compression. 























A C T 
a (ee p ee — 
<—|m— 
——2m A< 2m 





(+EM,=0; £,(4)-2(0.8)-1.5(2)=0 £ =115kN 
(+iMy = 0; 1.15(3) ~1.5(1) = 2Fre(D =0 


Fac = 3.25 kN (C) Ans 
(+EM,=0; — 1.15(4)— 1.5(2) - Fey sin $6.31°(1) = 0 


Fey = 1.92 EN (T) 





447 








6 Solutions 44918 1/26/09 1:46 PM Page 448 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher 


6-47. Determine the force in members CD and GF of the 
truss and state if the members are in tension or 
compression. Also indicate all zero-force members. 
















Entire truss : 
(+EM, =0; -2(0.8)- 15(@) + E, (4) = 0 
E, =1.15kKN 
Section : 
(+EMp = 0; 1.15(1) - Feo sin 36.87° (1) = 0 


. Fep = L92 kN (C) Ans 





| < 
i WOM Fu 
(+EMe = 0; =- For (1.5) + 1.15 (2) = 0 ki 
LS p 

For = 1. 53 kN (T) Ans S4 a 
Joint D: 
+fEF,=0; Fro =0 Ans WIS ha 
Joint F : 


+TEF, =0; Frc cos@ =0 





Frc = 0 Ans Fé F Fite 
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*6—-48. Determine the force in members JJ, EJ, and CD of 
the Howe truss, and state if the members are in tension or 
compression. 














Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, 


Gm, = 0; Ng(12)—2(12)— 4(10) — 4(8) - 6(6) — (4) - (2)= 0 
Ng = 13.5KN 


Method of Sections: By inspecting joint D, we find that member DJ is a zero - force member, thus 
Fp; = 0. Using the right portion of the free - body diagram, Fig. b. 


(+M; =0; 13.(6)-4(2)- 44)- 2(6) — ep (4) = 0 

Fcp = 11.25 kN (T) Ans. 
(Me = 0; 13.4) -— X4)-4(2)- Fy sin33.69°(4) = 0 

Fy =17.13KN =17.1 kN (C) Ans. 
(+2M g = 0; 4(2)+4(4)~ Fry sin63.43°(4) = 0 

Fry = 6.708kKN =6.71 kN (T) Ans. 
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e6-49. Determine the force in members KJ, KC, and BC 6kN 
of the Howe truss, and state if the members are in tension or 
compression. 














Support Reactions: Applying the equations of equilibrium to the free - body diagram of the truss, Fig.a, 


1ER =Q x=0 
(+2MG =0 M12) + {10)+48)+ (6)+4(4)+ 4(2)-Ay(12)= 0 
Ay = 15.5 KN 


Method of Sections: Using the left portion of the free - body diagram, Fig. a. 


(+c =0; Fgy sin33.69°(4) + 5(2) +3(4) -15.5(4) =0 
Fx; = 18.03 kN = 18.0 kN (C) Ans. 
(+M 4 =0; Fc (4)- 5(4)-5(2) = 0 
Frc = 7.50 KN (C) Ans. 
(+2Mx =Q Far (2.667) + X2)+ X4)- 15.44) =0 
Fac = 1SKN(T) Ans, 
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6-50. Determine the force in each member of the truss 


and state if the members are in tension or compression. Set 





Entire truss : 











4 EM, =0; -20(1.5) - 10 (4.5) + Æ (6) =0 








LV NN 
+TIF, = 0; A, - 20-10 + 125 =0 z . } 1 t 
Py mene [0N Ey 
A, = 17.5KN aa tata 


SEF, =0; A =0 


Joint A: 
4. 
+TIF, = 0; Hs < a 
Fap = 21.875 = 21.9 kN (C) Ans 


SI = 0; Fio- = (21.875) = 0 





Fyg = 13.125 = 13.1kN (T) Ans 


Joint E : 
+ 3 
ER, = 0; 5 (21.875) - Fac = 0 


Fac = 13.125=13.1KN(C) Ans 





+TIF, = 0; = (21.875) - Fro = 0 
Fo = 175KN(T) Ans 
Joint G : 
4 
+TIF, = 0; 17.5 - 20 + z Feo = 0 


Feo =3.125= 3.12KN(T) Ans 





TIE = 0: = (3.125) + Freq - 13.125 = 0 


Fro =11.25= 11.2kN(T) Ans 


Joint C: 
4 4 
+TIF, = 0; 5 Fer - 70129)= 0 
Fpp =3.125 = 3.12kN(C) - Ans 


Sx, 20; 13.125 - = (3.125) š = (3.125) ~ Fs = 0 





Fep = 9.375 = 9.38 kN (C) Ans 
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Joint D : 
+ 3 
+ IF, = 0; 9.375 — z Fos = 0 
9,37skN D 
Fog = 15.625= 15.6 kN (C) Ans 


+TEF, = 0; = (15.625) — For = 0 3 Fe 


For = 12.5 KN (T) Ans 






Joint F : 
l fee 
> EF, = 0? = (3.125) — 11.25 + Fer = 0 N.2ZSRN 
WAN 
Fep = 9.38KN(T) Ans 
+TIF = 0; 125 - 10 ~ $ 6.129) = 0 Check! 
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6-51. Determine the force in each member of the truss 
and state if the members are in tension or compression. Set 














G 2M, =0; -40 (1.5) - 20(4.5)+5, 6) =0 
E, =25kN 

+TER = 0; A -40-204+25 =0 
A, = 35KkN 


HE; =0; 4 =0 





+TER = 0; 35 - $ Fas at 


Fıs = 43.75=43.8kKN(C) Ans 


Fag 
BER =0; Fg- È (43.75)= 0 ¢/|+ 
5 
A p3 
Fag = 26.25 =26.2kN (T) Ans O Fag 
Joint B : sci 


>I, = 0; = (43.15) - Fac = 0 
Foc = 26.25 =26.2kN (C) Ans 


+TIF, = 0; = (43.75) ~ Feg = 0 





Fag = 35.0kN (T) Ans 
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JomtG: 


+TZF, = 0; - 40 + 35 + $ Foc = 0 


Fee = 6.25 KN (T) Ans 





ER, = 0: = (6.25) + For - 26.25 = 0 


For = 22.5 EN (T) Ans 


Jom E: 
Fe 
D 
+TIĘ =0; 25 -$Fo=0 AN- 
3 
Fep = 31.25=31.2kN (C) Ans e 
, ; fef 
>IR = 0; =- Fre + z (31.25) = 0 Zo kw 
Fer = 18.75 = 18.8 kN (TD Ans 
JomtD: 


ŠIR =t F- = (31.25) =0 
Foc = 18.75=18.8KN(C) ‘Ans 
4 

+TIF, = 0; z 31.25) - For = 0 


For = 25.0 kN (D Ans 


Joint F : 
4 
+TEF, = 0; 25- z (Fre) - 20= 0 


Fre = 6.25 kN (C) Ans 





“IF, = 0; — 22.5 + 18.75 + = (6.25) = 0 Check! 


ī $ 
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*6-52. Determine the force in members KJ, NJ, ND, and 
CD of the K truss. Indicate if the members are in tension or 
compression. Hint: Use sections aa and bb. 




















1200 Ib 


1500 1b sgq0 1h 
-—20 ft—-— 20 jl 20 ft--—20 ft 20 ft- 20 ft 














Support Reactions : 


(+ 2M, =0;  1.20(100) + 1.50(80) + 1.80(60) -A, (120) =0 
A, = 2.90kip 


> IF =0; A, =0 


Method of Sections : From section a~a, F,,and F.p can be obtained 
directly by summing moment about points C and K respectively. 


Ç EM-=0; Fry (30) + 1.20(20) - 2.90(40) = 0 
Fy = 3.067 kip (C) = 3.07 kip (C) Ans 


(+M; =0; Fep (30) + 1.20(20) - 2.90(40) = 0 
Fop = 3.067 kip (T) = 3.07 kip (T) Ans 


From sec b-b, summing forces along x and y axes yields 


+ (4 
“IF. =0; Fu (= )~Fu(g )+3.067~3.067 =0 
Fup = Fuy (1) 


+T XE =0; 290-1.20- 1.50- Fo ($ )- Fu(3)=0 
Fp + Fy) = 0.3333 [2] 


Solving Eqs. [1] and [2] yields 





Fup = 0.167 kip (T) Fy, = 0.167 kip (C) Ans 
Åy = 2-90 kp l:20 kip 1-50 Kip 
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e6—53. Determine the force in members JI and DE of 


a b 
the K truss. Indicate if the members are in tension or 
compression. 

















1500 1b seq 7, 
20 ft—-—20 ft 20 ft--—20 ft- 20 ft- 20 ft 








Support Reactions : 





130 kip 
(+ 2M, =0; G, (120) ~1.80(60) ~ 1.50(40) - 1.20(20) = 0 
G, = 1.60 kip 


Method of Sections : 


(+=M;=0;  1.60(40)-F,(30) =0 
F, = 2.13 kip (C) Ans 


(+EM,=0; — 1.60(40) - Fog (30) = 0 
Fog = 2.13 kip (T) Ans 





Gy*/€0 ky 
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6-54. The space truss supports a force 
F = {—500i + 600j + 400k} lb. Determine the force in 
each member, and state if the members are in tension or 
compression. 








Method of Joints: In this case, there is no need to compute the support reactions. 
We will begin by analyzing the equilibrium of joint C, and then that of joints A and 


peN tastes ony amma ce 
LF, = 0; Fea( 3}- s00=0 
Fea = 833.33 lb = 833 Ib (T) Ans. 
IF, = 0; Fea { 2)}- Fen{ 2}+000-0 (1) 
non w-en{s)m(s)-al-o a 


Solving Eqs. (1) and (2) yields 
Fop = -666.67 Ib = 667 lb (C) 
Fgp = 333.33 Ib =333 Ib (T) 
Joint A: From the free - body diagram, Fig. b, 
IF, =0; Fap cos 45° -Fag cos45° = 0 
Fap = Fag =F 


a 


EF =0; Fsin45° + F sin45°— 3.4 2) 0 


F = 353.55 lb 
Thus, Fap = Fap = 353.55 Ib =3541b(C) Ans. 


BF, = 0; saad $)-4: =0 


A. = 666.67 lb 
Joint D: From the free - body diagram, Fig. c 


IF =0; Fog +3333 2) — 353.35 cos 45° = 0 


Fpg = 50 lb (T) Ans. 
EF, =0; D, —353.55sin 45° = 0 
D, = 250 Ib 


BF, = 0; aad $ )- D, =0 
D, = 266.67 Ib 


Note. The equilibrium analysis of joint B can be used to determine the components 
of support reaction of the ball and socket support at B 
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fap =353-05lb 4 
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6-55. The space truss supports a force 
F = {600i + 450j — 750k} Ib. Determine the force in each 
member, and state if the members are in tension or 
compression. 











Method of Joints: In this case, there is no need to compute the support reactions. 
We will begin by analyzing the equilibrium of joint C, and then that of joints A and 
D. 

Joint C: From the free - body diagram, Fig. a, 


EF, =0; 600+ Fey (2)=0 


Fea = -1000 Ib = 1000 1b (C) Ans. 
BF, =0; Fœ (3 }- Foo( 2) +450 =0 ) 
EF, = 0; -Fa($)- o| $) -100$ )- 750=0 (2) 
Solving Eqs. (1) and (2) yields 
Fop = 406.25 Ib = 406 Ib (T) Ans. 
Fg = -343.75 lb = 3441b(C) Ans. 


Joint A: From the free - body diagram, Fig. b, 
EF, =0; Fag cos45°— Fan cos45° = 0 


Fag = Fap =F 
EF, = 0; oad 3 ]-F sinas F sinas? = 0 

F = 424.26 Ib 
Thus, Fag = F4p = 424.26 Ib =424 Ib (T) Ans. 
IF, = 0; A, -100 $ )=0 

3 

A, = 800 Ib 


Joint D: From the free - body diagram, Fig. c, 
3 
IF, =0; 406252 + 406.25 cos 45° — Fpp = 0 


Fpp = 543.75 Ib =5441b(C) Ans. 
IF, =0; 424.26sin45°— D, =0 
D, = 300 Ib 


LF, = 0; 40625 4), =0 


D, = 325 Ib 
Note The equilibrium analysis of joint B can be used to determine the components 
of support reaction of the ball and socket support at B. 
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*6-56. Determine the force in each member of the space 
truss and state if the members are in tension or 
compression. The truss is supported by ball-and-socket 
joints at A, B, and E. Set F = {800j} N. Hint: The support 
reaction at E acts along member EC. Why? 

















Joint D: 
EF = 0: ip + Fen + l Fep = 0 
i — = —~Fap BD 
" -~ 3 /31 V7. 
LF, = 0; My Ls Fap -~ —=Fep + 80 = 0 
3 Jas J 
2 
LF, = 0. -2Fo 2 Bo t Fep = 0 Á 
3 31.25 (7.28 
Fip = 686 N (T) Ans 
Fap = 0 Ans 
Fep = 615.4 = 615 N (C) Acs 
Joint Č: 
ETF, =Ù Fic = (615.4) a Ü 
¥ 7.25 
Fac = 229 N (T) Ans 
1.5 : 
IF, = 0; —— (615.4) - Fixe 2 0 
¥ 7.25 
Fac = 343 N (T) Ans 
2 
EF, = 0; Fee - —==—(615.4) = 0 
7.25 
Fre = 457 N (C) Ap 
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e6-57. Determine the force in each member of the space 
truss and state if the members are in tension or 
compression. The truss is supported by ball-and-socket 
joints at A, B, and E. Set F = {—200i + 400j} N. Hint: The 
support reaction at E acts along member EC. Why? 











r= — _! 5 l ae | > eo 
= 3a + Jis” + yas 200 = 0 F j Pea F N 





EEN -3f + gigio ~ ToRen + 400 = 0 K ws Fi 5m 
es wey - —mmfao + ee Fen = 0 a / 

3 as Aias am FA 

Fup = 33 N (T) Ans y 

Fo = 186 N (T) Ans 

Fep = 391.5 = 397 N (C) Ans a 

Joint C: 

EF, = 0; Fic = Tag.) = 0 

Fec = 148 N (T) Ans 
I = 0; 154397.5) - Fic = 0 

(725 

Fac = 221 N (T) Ans 
EF, = 0; Fac - EOS = 0 

Frc = 295 N (C) Ans 
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6-58. Determine the force in members BE, DF, and BC of 
the space truss and state if the members are in tension or 
compression. 


Method of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint C 
ZE=0; Fepsin60°-2=0 Fep = 2.309 KN (T) 


iF = 0; 2.309c0s 60° - Rag = 0 
Rc = 1.154kN (C) =1.15kN (C) Ans 


Joint D Since Fop, Fygrand Fo, lie within the same plane and Fpp is out 
of this plane, then F,, = 0. 


EF =0; r 7-2. =o 


NE 


For = 4.16 KN (C) Ans 
Joint B 
1.732 
LE =0; fu 72-20 
T3 
Fg = 4.16 KN (T) Ans 
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6-59. Determine the force in members AB, CD, ED, and 
CF of the space truss and state if the members are in tension 
or compression. 





Method of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint C Since Fp, Fac and 2 KN force lie within the same plane and 
F-p is out of this plane, then 





Fag =0 Ans 


EF=0; Fepsin60°-2=0 
Fep = 2.309 KN (T) =2.31kN (T) Ans 


EE =0; 2.309cos 60°-Fypc=0 ye 2 1.154 KN (C) 
Joint D Since Fop, Fog and Foglie within the same plane and Fp, is out 


of this plane, then Fp, = 0. 


=F, = 0; Br yz |- =o 


Fpp = 4.163 kN (C) 


EF =0; 416 7 |-fia =o 


Fip = 3.46 KN (T) Ans 





Joint B 


732 
EE =0; fez ]-2=0 Fg = 4.163 KN (T) 


K 
tt 
T 


3 
- Fy —4.163 =0 
e (l 


F,, =3.46 kN (C) Ans 
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*6-60. Determine the force in the members AB, AE, BC, 
BF, BD, and BE of the space truss, and state if the members 
are in tension or compression. 





Method of Joints: In this case, there is no need to compute the support reactions. 
We will begin by analyzing the equilibrium of joint A, and then that of joints C and 


B. 
Joint A: From the free - body diagram, Fig. a, 
IF, = 0; Fue($- 300 = 0 


Fag =450 lb (T) Ans. 


4 4 
EF, = 0; 600 ~450{ 4) Fap -2s |=0 
: 6 (a) 


Fap = 335.41 lb (T) 


2 2 
IF, =0; Fag — 335.4] == |- 450 Æ |= 0 
d a {| (3) 


Fag = 3001b (T) Ans. 
Joint C: From the free - body diagram of the joint in Fig. b, notice that Fep , Fg , and C, 
lie in the y — z plane (shown shaded). Thus, if we write the force equation of equilibrium 
along the x axis, we have 


EF, =0: Fac [ze |-0 


Far =0 Ans. 
Joint B: From the free - body diagram, Fig. c, 
4 4 4 
i 6 E) 452 


, 2)_ rel l|- Fa | -6 |-300= 
EF, = 0; Far ( 2) ræ É) Fm É) 300 = 0 (2) 


4 | 4 
LF, = 0; Fpg| — |+F pr| — |- 400= 0 3 


Solving Egs. (1) through (3) yields 


Fpp = 2251b(T) ` Ans. 
Fpp = 515.39 lb = 515 Ib (T) Ans, 
Fpp = -721.11 lb =721 lb (C) Ans. 
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e6-61. Determine the force in the members EF, DF, CF, 
and CD of the space truss, and state if the members are in 
tension or compression. 





Support Reactions: In this case, itis easier to compute the support reactions first. 
From the free - body diagram of the truss, Fig. a, and writing the equations of equilibrium, 


ZM = 0; 400(4)+300(4) — 600(4)-— D, (4 = 0 
D, = 100 1b 

IM, = 0; 400(2)+ 300(6)- Cy (4) = 0 
Cy = 650 Ib 

IM y = 0; 600(6) + 100(8)— E,.(8) = 0 
E, = 5501b 

IF. =0; ~F, +600+100- 550=0 

: F, =150 Ib 

IF, = 0; Fy — 650=0 
F, = 650 1b 

2, = 0; F, - 300 -400 = 0 
F, = 700 Ib 


Method of Joints: Using the above results, we will begin by analyzing the equilibrium of joint C, 
and then proceed to analyzing that of joint F. 
Joint C: From the free - body diagram in Fig. b, 


XF, = 0; Fal $o|=0 Fp =0 


Fy =0; Fep -650=0 Fcp = 650 Ib (C) Ans, 
LF, = 0; For =0 Ans. 
Joint F: From the free - body diagram in Fig. c, 


IF, = 0; Fra($}- 150=0 Fee =2251b(T) 


4 4 
Lf, = 0; 700-2254 ) -For — |= () 
° 6 É) 


Fpp = 1229.84 Ib = 1230 Ib (T) Ans. 
2 8 
IF, =0; Fer +650- 229 — |- 1229.84 — |=0 
4 = 3) u-i] 
FEF = 525 lb (C) Ans. 
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k.=190 Ib 


650 |b 


L3 
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6-62. If the truss supports a force of F = 200N, 
determine the force in each member and state if the 
members are in tension or compression. 


Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to 


analyzing that of joint 2. 
Joint A: From the free - body diagram in Fig. b, 


-i 22 | pn |02]. 
I = 0; ral Pe] Far (222-0 (1) 
saa ajeli o 
IF, = 0; Fac ee | Fel BS] Fun PS] 200 = 0 (3 


Solving Eqs. (1) through (3) yields 




















Far = Fac =22045N = 220N(T) Ans. 
Fap = 583.10N = 583 N (C) Ans. 
Joint & From the free - body diagram in Fig. b, 
EF, =0; 583.1 Fie) Foose 0 
Fgp = 707.11 N =707 N (C) Ans. 
ZF, =0;, Fpg cos45°—Fp- cos 45°= 0 
Foe = Fæ =F 
ZF, = 0; 707.11 cos45° — 583.1 Fy riso 
1034 
F =141.42N Ans. 
Thus, 
Free = Far =141.42N =141 N(T) Ans. 
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6-63. If each member of the space truss can support a 
maximum force of 600 N in compression and 800 N in 
tension, determine the greatest force F the truss can 
support. 





Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to 
analyzing that of joint B 
Joint A: From the free - body diagram in Fig. b, 


0.2 0.2 
IF.=0; F — Fac | === |= 0 l 
* we ae) lT) ii 
2-0 aliijua o 


IF, = 0; Pa| = peci) -l ve }rr-o (3) 


40.54 
Solving Eqs. (1) through (3) yields 
Fag = 2.9155F (C) 
Fac = Fag = 1.1023F (T) 
Joint & From the free - body diagram in Fig. b, 




















EF, = 0; zoss pee - Fpp sin45° = 0 

Fpp = 3.5355F (©) Ans. 
EF, =0; Fpp cos45°~ Fac 00s 45° = 0 

Fag = Fac =F 
EF, =0; 3.5355F c0s45° — 2.9155 Ta) 2F' sin45° = 0 

y + J034 

F’=0.7071F Ans. 

Thus, 
Fee = Fac = 0.7071F (T) Ans. 


From the above results, the greatest tensile and compressive force developed in the members of the 
truss are 1.1023F and 3.5355F , respectively. Thus, 

1.1023F = 800 F = 725.TIN 

3.5355F = 600 F =169.71N =170N (controls) Ans. 





(b) 
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*6-64. Determine the force developed in each member of 
the space truss and state if the members are in tension or 
compression. The crate has a weight of 150 Ib. 





-li + 2j + 2 sin60°k 
Fea = Fea =~ Bo 


= —0.354 Kyi + 0.707 Ryj + 0.612 F k 


Fep = 0.354F-pi + 0.707Fogj + 0.612F-pk 





Fep = — Fepj 
= —150k 
IF. = 0; -0.354F,, + 0.354F., = 0 
LF = 0; O.707TF., + O.707F., — F-p = 0 
LF = 0; 0.612F., + 0.612F., — 150 = 0 
Solving : 
F-n = 173 lb (T) Ans 
Faa = Foal 
Fo, F 
Fap = Fpp cos60° + Fpp sin60° k F2 122.544 
by Ch 
Fea = 122.5 (—0.354i — 0.707 j — 0.612k) © 
1 fh 4 
= —43.3i — 36.6j — 75.0k 
ZF = 0; Fa, + Fep.cos60° — 43,3= 0 
ZF = 0; F,p8in60° - 75 = 0 
Solving : 
Fap = 86.6 Ib (T) Ans 
Fy, = 0 Ans 
— | i Fo Fa 
Fc = 122,5(0.354F, ci — 0.707F,cj - 0.612F ck) ' 
iy Fac= 192.5 Lb 


A : 
IF = 0; Fp, c0830° — 0.612(122.5) = 0 Se Fag 
®© 


Fpa = 86.6 lb (T) Ans 
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°6-65. Determine the force in members FE and ED of the 
space truss and state if the members are in tension or 
compression. The truss is supported by a ball-and-socket 
joint at C and short links at A and B. 











Joint F : Fro, Frp, and Fee are lying in the same plane and x axis is normal to sj 
that plane. Thus | 


IF, =0; Frgcos 6 = 0 Fre = 0 Ans 


JomtE : Fag, Fec, and Fey are lying in the same plane and x axis is normal to 
that plane. Thus 


IF =0; Fomcos@=0 Fer =0 Ans 


fec 
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6-66. Determine the force in members GD, GE, and FD 
of the space truss and state if the members are in tension or 
compression. 











Joint G: 
2 3 12 

Fæ = Foo (- i335! * na) * ma") 
4. 3. 22 | 

For = For( $1- 51+ =k) it . -3ft 

2 3 12 x) 3ft i > 4 


Fos = Fos ( - a5! 2537 * 1253 


ft 
a 200 |b 
2 4 2 ! j | “ft I 
BA =o -Fo (mi) + e (6) - a (s) =° at LA NER 
I =0; F (sa): (=) - Foe ( 2) 200 = 0 i HED} Sia t 
3 as Di aa 1/ il KAA 
ER = 0% Fo (i) + For (5) + alaa) - 9000 Kee | 
Solving, z’ 
Foo = - 1571b = 1571b() Ans \ E x’ 
For = 181 1b (C) Y 4 


Fog = 505 lb (C) Ans 
Joint F : 
Orient the x', y, z’ ates as shown. 


iF, = 0; Fm = 0 Ans 
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6-67. Determine the force P required to hold the 
100-Ib weight in equilibrium. 





Equations of Equilibrium: Applying the force equation of equilibrium along the y axis of pulley A on the 
free- body diagram, Fig. a, 


+ T EF, =0; 2T, —100=0 Ta = 50 Ib 
Applying ZF, = 0 to the free - body diagram of pulley B, Fig. b, 
+ T EF, =0; 2Tp - 50=0 Tp = 25 Ib 


From the free - body diagram of pulley C, Fig. c, 
+ T EF, =0; 2P —25=0 P =12.5 lb Ans. 
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*6-68. Determine the force P required to hold the 
150-kg crate in equilibrium. 





Equations of Equilibrium: Applying the force equation of equilibrium along the y axis of pulley A on the 
free- body diagram, Fig. a, 


+T EF, = 0; 2T4 —150(9.81)=0 T4 = 735.75N 


Using the above result and writing the force equation of equilibrium along the y’ axis of pulley C on the free - 
body diagram in Fig. b, 


Fy = 0; 735.75 -2P =0 P = 367.88 N =368N ANS, 





1504-B1) N 


CA) 
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°6-69. Determine the force P required to hold the 50-kg 
mass in equilibrium. 





Equations of Equilibrium: Applying the force equation of equilibrium along the y axis of each pulley. 


+ TXF, =0; R-3P=0; R=3P 
+ T EF, =0; T-3R=0; T=3R =9P 
+ TIF, =0; 2P + 2R+2T —509.81)=0 Ans. 


Substituting Fgs.(1) and (2) into Eq.(3) and solving for P, 
2P + 2 3P)+2(9P)= 50(9.81) 


P= 18.9N Ans. 


PPTP 





(a 50(9.3/)N 
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6-70. Determine the force P needed to hold the 20-Ib block 
in equilibrium. 


Pulley C : 
+TEF, =% T-2P=0 
Pulley A : 

+TER 20; 2P+T-2=0 


P = Jib Ags 
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6-71. Determine the force P needed to support the 100-Ib 
weight. Each pulley has a weight of 10 Ib. Also, what are the 
cord reactions at A and B? 





Equations of Equilibrium : From FBD (a), 


+TER=0; P’-2P-10=0 1] 
From FBD (b), 
+TIE=0; 2P+P’-100-10=0 [2] 
Solving Eqs. [1] and [2] yields, 
P= 25.0 Ib Ans 
P” = 60.0 Ib 


The cord reactions atA and B are 


F,=P=25.0lb =P’ =60.0lb Ans 
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*6-72. The cable and pulleys are used to lift the 600-Ib 
stone. Determine the force that must be exerted on the cable 
at A and the corresponding magnitude of the resultant force 
the pulley at C exerts on pin B when the cables are in the 
position shown. 










WS 


SSSSSSSSSSSSSSSS SS SSS SSS SSS SSS 





IISSSSSSSSSS S559) 
D j 
( —4S 


Pulley D : 
+TEF 20; 27-6020 
T = NOb Ans 
Pulley £ : 
SEF, =0; B,- 300sin30 = 0 
B, = |Olb 


+ÎEF =0; B, - 300 - 300008 30" = 0 





B, = $59.8 b 


Fy = y (150? + (559.87 = 580 Ans 
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e6-73. If the peg at B is smooth, determine the 
components of reaction at the pin A and fixed support C. 





Equations of Equilibrium: From the free - body diagram of member AB, Fig. a, 


(+2M, = 0; Np(0.8)= 900=0 Np = 1125N 
=F, = A, —1125c0s 45° = 0 Ax = 795.50N = 795N Ans. 
+ T FF, =0; 1125sin45°-A, = 0 Ay = 795.50N = 795N Ans. 
Applying the equations of equilibrium to the free - body diagram of member BC, Fig. b, 
+ =F, =Q 112500s45°-C, =0 C, = 795.50N = 795N Ans. 
+ T EF, =0; C, — 1125sin 45° - 500 = 0 Cy = 1295.50 N =1.30 kN Ans. 
(mc = 0; 1125sin45°(1.2)+ 500(0.6)= Mc = 0 
Mc =1254.59N-m=1.25kN-m Ans. 
N,=//29N 5O0N 
B 
o 
45 
Cr 
Me 
O-O m O-om 


(b) 
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6-74. Determine the horizontal and vertical components 150 Ib 


of reaction at pins A and C. 
100 Ib 














Equations of Equilibrium: From the free - body diagram of member AB in Fig. a, we have 


(+2M 4 = 0; By(5)— 150(3)= 0 By = 90 Ib 
(+2M p = 0; 150(2)-Ay(5)= 0 Ay = 60 Ib Ans, 
t =F, =Q A, — B, =0 (1) 


From the free - body diagram of the member BC in Fig. b and using the result for B,, we can write 


(Mc = 0; 90(2) + 100sin45°(2)— B, (2) = 0 

B, = 160.71 Ib 
+ T EF, =0; Cy — 90- 100sin 45° = 0 

Cy = 160.71 lb = 161 Ib Ans. 
LEIFR = 0 160.71 — 100cos 45° -C, =0 

C, = 90 Ib Ans. 


Substituting B, = 160.71 Ib into Eq. (1) yields 
A, = 160.71 lb = 161 Ib Ans. 





(A) 
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15 kN 


6-75. The compound beam is fixed at A and supported by 
rockers at B and C. There are hinges (pins) at D and E. 
Determine the components of reaction at the supports. 








Equations of Equilibrium : From FBD(a), 
(+2m,=0; 30-G(6)=0 C,=5.00KN Ans 
+TER <0; £-5.00=0 ŒE =5.00kN 
Š IE =0; E =0 

From FBD(b), 


(+2M, =0; B, (4)~15(2)-$.00(6) =0 
B, = 15.0kN Ans 


+TER =0; D, +15.0-15-5.00=0 


D, =5.00kN 
I=% D,=0 
From FBD(c), 
mm =0; M,-5.00(6)=0 
) M, =30.0kKN-m Ans 


+TZF=0; A,-5S.00=0 A,=5.00KN Ans 





> EF =0; A, =0 Ans 


z 
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*6-76. The compound beam is pin-supported at C and 8 kip 12 kip 
supported by rollers at A and B. There is a hinge (pin) at D. 
Determine the components of reaction at the supports. 
Neglect the thickness of the beam. 











Equations of Equilibrium : From FBD(a), 


(+EMp=0; — 4cos 30°(12) +8(2) —A, (6) =0 
A, = 9,595 kip = 9.59 kip Ans 


+TEF =0; DB +9.595-4cos 30°-8=0 
D, = 1.869 kip 


SEF =0; D,-4sin30°=0 D, =2.00kip 


From FBD(b), 





(+EMe=0;  1.869(24) + 15+ n($)®-3,019 =0 
B, = 8.541 kip = 8.54 kip Ans “(b) 


+T EF =0; G +8541 -1.869-12(3)=0 
C, =2.93 kip Ans 


ŠEF =0; ¢-2.00- 12(3)=0 
C, = 9.20 kip Ans 
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°6-77. The compound beam is supported by a rocker at B 500 Ib 

and is fixed to the wall at A. If it is hinged (pinned) together 200 Ib 

at C, determine the components of reaction at the supports. fio N 4000 lb - ft 
Neglect the thickness of the beam. 











Member CA : 
Š EF, a 0— -C + Wc = 0 
Cc, = 100b 


CotMe = 0; ~200 sin 60° (8) + B, (12) - 4000 = 0 200 Ib 





B, = 448.81b = 449b Ans 
Cx 


+ÎEF =0; G ~ 200sin60° + 448.8 = 0 1 eaaa N 


G = -275.6 1b 


Member AC: 


> EF, = 0; A, ~$00( = )+100=0 


A 292.3 Ib Ans 

12 
+TER 20 4- ay) *275.6=0 
A, = 186 Ib Ans 


(+My s0 -M- E (4) +275.6(8) #0 


M, = 339 bit Ans 
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6-78. Determine the horizontal and vertical components 
of reaction at pins A and C of the two-member frame. 




















Free Body Diagram : The solution for this problem will be simplified if 
one realizes that member BC is a two force member. 


Equations of Equilibrium : 
2c0(3)* G00N 


(+26, =0; — Fyccas 45°(3) --600(1.5) =0 
Fac = 424.26 N 


p==== =m pepp | 
E 


+TIF =0; A, +424.26cos 45°- 600 =0 
A, = 300N Ans 





EF =0;  424.26sin 45°-A, =0 
A, = 300N Ans 


For pin C, 
CG, = Facsin 45° = 424.26sin 45° = 300 N Ans 


G, = Faccos 45° = 424.26cos 45° = 300 N Ans 
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6-79. If a force of F = 50N acts on the rope, determine 
the cutting force on the smooth tree limb at D and the 
horizontal and vertical components of force acting on pin A. 
The rope passes through a small pulley at C and a smooth 
ring at E. 








Equations of Equilibrium: From the free - body diagram of pulley C in Fig. a, 
+ TER, =0; Fa: -50-50=0 Fac = 100N 


From the free - body diagram of segment BAD in Fig. b and using the result F_- = 100N, 


(+2M 4 = 0; N p (30) — 100(100) = 0 Np = 333.33N =333N Ans. 
=F, =0 333.33- A, =0 A, = 333.33 N =333N Ans. 
+ TF, =0; Ay —100=0 Ay =100N Ans. 
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*6-80. Two beams are connected together by the short 12 kN ne 
link BC. Determine the components of reaction at the fixed 
support A and at pin D. 























lism | 15m 


Equations of Equilibrium: First, we will consider the free- body diagram of member BD 


in Fig. a. 
Mp =Q 10(1.5)— Fac (3)= 0 
Fac = SKN 
1 ER, =Q D,=0 Ans. 
(+2Mp =0; Dy(3)— 11.5) = 0 
Dy =5KN Ans. 


Subsequently, the free- body diagram of member AC in Fig. b will be considered using the 


result Fac = SKN. 
4, =F, =Q A, =0 Ans. 
+ TEF, =0; Ay -12-5=0 

Ay =17 KN Ans. 
(m, =0; Ma -12(1)- 44) =0 

M, =32kN-m Ans. 
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°6-81. The bridge frame consists of three segments which 2 kip /ft 
can be considered pinned at A, D, and E, rocker supported 
at C and F, and roller supported at B. Determine the 
horizontal and vertical components of reaction at all these 
supports due to the loading shown. 






















For segment BD : 
(+EMp =0; — 2(30)(15)-B,(30)=0 B, =30kip Ans 
— IF, =0; D, =0. Ans 
+TEF,=0; D,+30-2(30)=0 D, =Wkip Ans 
For segment ABC : 


GEM =%  G(5)-2(15X7.5)-3015) 20 G =135kip Ans 


> EF, =0; A, =0 Ans 
+TEF=0; A, +135-2(15)-30=0 A, =75Skip Ans 
For segment DEF : 


(+EMe=0; -F (9+A15X7.5)+3X15)=0 F, =135kip Ans 
J EF, 20; E =0 Ans 


+TEF, =0; -£, +135-2(15)-30=0 £, = 7S kip Ace 
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6-82. If the 300-kg drum has a center of mass at point G, 
determine the horizontal and vertical components of force 
acting at pin A and the reactions on the smooth pads C 
and D. The grip at B on member DAB resists both 
horizontal and vertical components of force at the rim of 
the drum. 




















Equations of Equilibrium: From the free - body diagram of segment CAE in Fig. a, 


(+m A =0; 300(9.81)(600 cos 30°) — Nç (120)= 0 
Nç = 12743.56 N = 12.7 kN Ans. 
LER =v A, — 12 743.56 =0 
A, =12 743.56 N = 12.7 kN Ans. 
+ Î IF, = 0; 300(9.81)- A, =0 
Ay = 2943 N =2.94 kN Ans. 


Using the results for A, and A, obtained above and applying the moment equation of equilibrium 
about point B on the free- body diagram of segment BAD, Fig. b, 


(+2M p = 0; 12 743.56(60)— 2943(100) ~ N p(450)= 0 
Np = 1045.14 N =1.05 kN Ans, 


P=300G.81)N 
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6-83. Determine the horizontal and vertical components 
of reaction that pins A and C exert on the two-member arch. 














Member AB : 
GEM, = 0; -2(0.5) +8, (1.5) ~ B, (1.5) = 0 
Member AC: 
GEMc = 0; B, (1.5) +B, (.9- L.5(1) #0 
Solving : 

B, =0.8333KN = 833N 

B, = 0.1667KN = 167N 
Member AB : 
SER =0 -A +16720 

A, = |67N Ans 


+TIF = 0; A, -2000 + 833 = 0 





A, = L17kN Ans 
Member BC : 
SER =0% -G + 1500-16720 
Q =133kN Ans 
+TiF, =0; CG - 833 =0 


G = 333N Ans 
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*6-84. The truck and the tanker have weights of 8000 Ib 













































































and 20000 lb respectively. Their respective centers of = L 
gravity are located at points G; and G}. If the truck is at Z D j — 
rest, determine the reactions on both wheels at A, at B, and & G = i) @ ys 
at C. The tanker is connected to the truck at the turntable H B C 
D which acts as a pin. 15 ft 10 ft i 9 ft p 
Equations of Equilibrium: First, we will consider the free- body diagram of the tanker in Fig. a. 
(tp =Q 20 000(10) -— N 4(25)= 0 
N a = 8000 Ib Ans. 
t IR =Q D, =0 
+ T EF, =0; Dy +8000 - 20 000 =0 
Dy = 12 000 Ib 
Using the results of D, and D, obtained above and considering the free - body diagram of the truck in 
Fig. b, 
(+x p =0 Nc(14)— 8000(9)= 0 
Nc = 5142.86 lb =5143 Ib Ans. 
+ TEF, =0; Ng + 5142.86 — 8000 — 12000 = 0 
Np = 14 857.14 Ib = 14857 Ib Ans. 
20000 |b Dy=/200018 goo Ib 
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e6-85. The platform scale consists of a combination of 100 mm 150 mm 
third and first class levers so that the load on one lever < oin 
becomes the effort that moves the next lever. Through this 
arrangement, a small weight can balance a massive object. 
If x = 450 mm, determine the required mass of the 
counterweight S required to balance a 90-kg load, L. 




















150 mm 
~N mm 


| | 











Equations of Equilibrium: Applying the moment equation of equilibrium about point A to the free - body 
diagram of member AB in Fig. a, 


(zm 4 =0; Fag (500) — 90(9.81)(150) = 0 
Fag = 264.87N 


Using the result of Fpg and writing the moment equation of equilibrium about point F on the free- body diagram 
of member EFG in Fig. b, 


(m F = 0; Fgp (250) — 264.8% 150) = 0 
Frp = 158.922N 


Using the result of Fgp and writing the moment equation of equilibrium about point C on the free - body diagram 
of member CDI in Fig. c, 


(+2M c = 0; 158.922 100) — m,(9.81)(950) = 0 
m, = 1.705 kg = 1.71 kg Ans. 


FEH Fp =/28-922 N 








Ce 





ma ( 850mm 
as C. 
Fep /, fonts "eM BTN d 100mm 


M; (4:81) 





90(4-B1) N 
(Q) 
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6-86. The platform scale consists of a combination of 100 mm 150 mm 
third and first class levers so that the load on one lever Sand Ee 
becomes the effort that moves the next lever. Through this 
arrangement, a small weight can balance a massive object. If 
x = 450 mm and, the mass of the counterweight S is 2 kg, 
determine the mass of the load L required to maintain the 
balance. 




















Equations of Equilibrium: Applying the moment equation of equilibrium about point A to the free - body 
diagram of member AB in Fig. a, 


(+m, = 0; Fag (500) — Mz (9.81150) = 0 
Fag = 2.943 Ib 


Using the result of Fgg and writing the moment equation of equilibrium about point F on the free - body diagram 
of member EFG in Fig. b, 


Gx, =0; Fep (250) = 2.943m z (150) = 0 
Frp = 1.7658m, 


Using the result of Fep and writing the moment equation of equilibrium about point C on the free - body diagram 
of member CDI in Fig. c, 


(Mc = 0: 1.7658, (100) — 29.81) 950) = 0 
my = 105.56 kg = 106 kg Ans. 


Fen Fep=/7696 Mme 





£50mMn 
-PA m sA mm 
Fep IGomm Fag =<943 M, Cy ee 


(b AGIBIDN 
i C) 
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6-87. The hoist supports the 125-kg engine. Determine 
the force the load creates in member DB and in member 


FB, which contains the hydraulic cylinder H. 

















Free Body Diagram : The solution for this problem will be simplified if 
one realizes that members FB and DB are two-force members. Im <= 
; E 


Equations of Equilibrium : For FBD(a), 









{3 
+IM,=0;  1226.25(3) - Fa | —= |(2) =0 
Fry = 1938.87 N = 1.94 kN Ans 7 2 (a) 
(hbo AG Al Ey se/s-lef 
3 
+TIF=0; 1938.87 -1226.25-E =0 
p= mn Fe) 1225-5 
E, =613.125N 
r l 
` -1 a -= |= 
35IE=0; £ sanz) 0 (b) 
E. = 613.125 N 
From FBD (b), F 
Te C 
(+ EM: =0; 613.125(3) —Fpsin 45°(1) =0 : 
Fan = 2601.27 N = 2.60 kN Ans 
Cu 
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*6-88. The frame is used to support the 100-kg cylinder £E. 
Determine the horizontal and vertical components of 
reaction at A and D. 

















Equations of Equilibriom: Member DC is a two -force member. 
D, =0 Ans. 


Consider the free- body diagram of member AC in Fig. a. 


(eM, = 0; D,,(0.6) — 981(1.2)+ 981(0.6)= 0 
4, =F, = 0 A, - 981-981 =0 

A, = 1962 N ro 
+ TXB, =0; Ay — 981= 0 

Ay = 981 N Ans. 
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e6-89. Determine the horizontal and vertical components 
of reaction which the pins exert on member AB of the frame. 














Member AB : 
(tem = 0; -300 sin 60° (3) + É Fa (6) =0 


Fip = 162.4 1b 


B, = = (1624) = 97.4 Ans 
4 
B, = = (1624) = 1301 Ans 


EF, = 0; 300 cos 60° + 2 (162.4) + A, =0 


A, = 526b Ans 





+1220 A -300 sin 60° + = (162.4) = 0 


A4 2 130b Ans 
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6-90. Determine the horizontal and vertical components of 300 Ib 
reaction which the pins exert on member EDC of the frame. 

















Member AB : 


(2a = 0; -300 sin 60° (3) + $ Fao (6) =0 





Fap = 162.4 ib 
Member EDC : 
4 4 
GIM: = 0; -300 (6) - = (162.4) (3) + = Fio (3) = 0 E. 
j 5 p= /62-4 Ib 
Fip = 1412.4 ib 






Ex 


Suet E ~162.4(2)-14124(2) =0 | 


E =9%45b Ans 


+TIF; =% -E +14124(=)- 162.4(=)-300=0 


E, = 500b Ans 


Pin D: 
° 3 3 
>I, =0 D, -3 (162.4) - z (14124) =0 
D,.=945b Ans 
4 4 
+ÎIF =% -D - z (0620+ z (014124 =0 


D, = 1000b Ans 
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6-91. The clamping hooks are used to lift the uniform P 
smooth 500-kg plate. Determine the resultant compressive 
force that the hook exerts on the plate at A and B, and the 


pin reaction at C. 








P=£(500X981) 
= 2452 N, 


Qim a0; N, (80) - 2452.5 (150) = 0 


N, = 4598.4N = 4.60kN Ans 


+TEF, =0; 2452.5 + 4598.4- G =0 


C, =7050.9N=7.05kN Ans 


CB is a two - force member. 





MaG =7.05kN Am 
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*6-92. The wall crane supports a load of 700 lb. Determine 
the horizontal and vertical components of reaction at the pins 
A and D. Also, what is the force in the cable at the winch W? 














Pulley E : 

+TIF, = 0 27-7020 
T= 350 Ans 

Member ABC : 

QEM, = 0; Tan sin 43° (4) — 350 sin 60° (4)- 700 (8) = 0 
Tap = 2409 bb 

+TEF, = 0; -A, + 2409 sin 45° - 350 sin 60°- 700 = 0 
A= 700b Ans 

“EF, 20; Ae — 2409 cos 45° - 350 cos 60° +350- 350 = 0 
A = 1.88kip Ans 

AD: 

D, = 2409 cos 45° = 1703.1 ib = 1.70kip Ans 


D, = 2409 sin 45° = 1.70kip Ans 
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e6-93. The wall crane supports a load of 700 Ib. 
Determine the horizontal and vertical components of 
reaction at the pins A and D. Also, what is the force in the 
cable at the winch W? The jib ABC has a weight of 100 Ib 
and member BD has a weight of 40 Ib. Each member is 
uniform and has a center of gravity at its center. 




















Pulley E : 
+TIF, a0 27-70020 
T=350b Am 
Member ABC : 
CIM, = 0; B, (4) - 700 (8) - 100 (4) — 350 sin 60° (4) = 0 
B, = 1803.1 lb 
+TEF, =0; -4 — 350sin60°- 100 - 700 + 1803.1 = 0 
A, = 700b Am 
SEF, 20; A — 350cos 60° - B, + 350- 350 = 0 
A {=B +175 (DD 
Member DB : 
(EM = 0: = 40 (2) — 1803.1 (4) + B,(4) = 0 
B, = 1823.1 lb 
ŠI; =0 -D, + 1823.1 =0 
D, = 182ikp Am 
+TEF, =0 D,-40- 1803120 
D, = 1843.1 = L.Mkp Ans 
From Eg. (1) 


A =200bp Abs 
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6-94. The lever-actuated scale consists of a series of 
compound levers. If a load of weight W = 150 lb is placed 
on the platform, determine the required weight of the 
counterweight S to balance the load. Is it necessary to place 
the load symmetrically on the platform? Explain. 








Equations of Equilibrium: First, we will consider the free- body diagram of the platform in Fig. a. 








(+Mp =Q 150(.x)- G,(15)= 0 
Gy = 10x 

+ T EF, =0; Dy + 10x -150= 0 
Dy = 150- 10x 


From the free - body diagram of member CDE in Fig. b, 
(+2Mc = 0; (150 — 10x)(1.5)— Fey (9) = 0 
Fry = 25- 1.6667x 


From the free - body diagram of member FGHI in Fig. C, 
(MF = 0; Fry (21) — (25 — 1.6667x)(9) — 10x(1.5) = 0 
Fy =10.71 lb 


Finally, from the free - body diagram of member JKL in Fig. d, 


(+=M x = 0, W, (4)— 10.71(1.25) = 0 
W, = 3.348 Ib = 3.35 Ib Ans. 


This result shows that W, is independent of the position x of the load on the platform. Thus, 
the load can be placed at any position on the platform. 


S50 Ib 


L5 In, 








Fyz = 07 16 


Ws 
(d) 





Fea Fy 725-466671 
(C) 
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6-95. If P = 75 N, determine the force F that the toggle 


85 mm 
clamp exerts on the wooden block. 




















Equations of Equilibrium: First, we will consider the free- body diagram of the upper handle in Fig. a. 


(+2M, =0; B,(50)— 75140) = 0 
B, =210N 
t EF, =Q 210-4, =0 
A, =210N 
+ Î IF, = 0; B, -Ay-75=0 (1) 


Using the result for B, and applying the moment equation of equilibrium about point C on the free - body diagram 
of the lower handle in Fig. b, 


(+IMc = 0; 210(50) + 7X 160) — By(20)= 0 
By = 1125N 


Substituting B, = 1125 N into Eq. (1) yields 
Ay = 1050 N 


Writing the moment equation of equilibrium about point D on the free - body diagram of the clamp shown in Fig. c, 


(+2M p =Q, 1050(85) ~210(50) - F (140) = 0 
F = 562.5N Ans. 
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85 mm 


*6-96. If the wooden block exerts a force of F = 600 N 
on the toggle clamp, determine the force P applied to the 
handle. 









140 mm — 











Equations of Equilibrium: First, we will consider the free- body diagram of the upper handle in Fig. a. 


(+m, =0; B,(50)— P(140)= 0 
B, =28P 
IF, =Q 2.8P-A, =0 
A, = 2.8P 
+ TIF, =0; B,-Ay-P=0 (1) 


Using the result of B, and applying the moment equation of equilibrium about point C on the free - body diagram 
of the lower handle in Fig. b, 


(42M c = 0; P(160)+ 2.8P(50)— B,(20)= 0 
B, = 15P 


Substituting B, = 15 Pinto Eq. (1) yields 
Ay =14P 


Writing the moment equation of equilibrium about point D on the free - body diagram of the clamp shown in Fig. c, 


(+2Mp =Q 14P(85)—2.8P( 50) - 600(140)= 0 
P =80N Ans. 
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°6-97. The pipe cutter is clamped around the pipe P. If 
the wheel at A exerts a normal force of F, = 80N on the 
pipe, determine the normal forces of wheels B and C on 
the pipe. The three wheels each have a radius of 7 mm and 
the pipe has an outer radius of 10 mm. 












i 





AK 
NOE 


\ Vy 














LO 
8 = sin '(—) = 36.03° 
iF 


Equations of Equilibrium.: 


+TIF=0; Nz sin 36.03°-WN-sin 36.03° = 0 


Na = Ne 
SIF =0;  80-Nçcos 36.03° ~ Ncos 36.03° = 0 
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6-98. A 300-kg counterweight, with center of mass at G, is 
mounted on the pitman crank AB of the oil-pumping unit. 
If a force of F = 5 kN is to be developed in the fixed cable 
attached to the end of the walking beam DEF, determine 
the torque M that must be supplied by the motor. 














Equations of Equilibrium: Applying the moment equation of equilibrium about point E to the free - body 
diagram of the walking beam in Fig. a, 


(+2M ¢ = 0; Fcp cos 30°(1.75) — 5000(2.5) = 0 
Fcp = 8247.86N 


Using the result of Fep and applying the moment equation of equilibrium about point A on the free- body 
diagram of the pitman crank in Fig. b, 


(+2M 4 = 0; 8247.86(0.65) — 300(9.81)cos 30°(1.15)—M = 0 
M = 2430.09N -m = 2.43 KN -m Ans. 


"75m | na5™M 
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6-99. A 300-kg counterweight, with center of mass at G, is 
mounted on the pitman crank AB of the oil-pumping unit. 
If the motor supplies a torque of M = 2500 N- m, determine 
the force F developed in the fixed cable attached to the end 
of the walking beam DEF. 











Equations of Equilibrium: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the pitman crank in Fig. a, 


(+=M 4 =0; Fcp (0.65) — 300(9.81)cos 30°(1.15)— 2500 = 0 
Fcp = 8355.41N 


Using the result of Fcp and applying the moment equation of equilibrium about point E on the free- body 
diagram of the walking beam in Fig. b, 


(+IM p = 0; 8355.41 cos 30°(1.75) — F(2.5)= 0 
F = 5065.20N =5.07 kN Ans. 





A 
 ko83asgi G 
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*6-100. The two-member structure is connected at C by a 
pin, which is fixed to BDE and passes through the smooth 
slot in member AC. Determine the horizontal and vertical 
components of reaction at the supports. 














<~— 2 ft 





SS sft 


Member AC : 
QEM, = 0; Ne (5) - 600 = 0 


Ne = 120 b 
; 4 
EF, = 0; A - 120(2) = 0 
A = 96ib Ans 
+TIF, = 0: -4 +120(2) =0 
A =72lb Ans 
Member SDE : 
3 
GEM: = 0: $00(8) + 120(=) (5) - D, @) =0 
D, = 2180b=2.18kip Ans 
SER, = 0; -E + 120(3) =0 
E&=%b Am 
+TEF, = 0; - 300 - 120 ($) + 2130 - & =0 


5 


E, = 1608b=1.6liap Ans 
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e6-101. The frame is used to support the 50-kg cylinder. ae 


Determine the horizontal and vertical components of 


~ 0.8 m —— 
100 mm 


























reaction at A and D. LA 
Equations of Equilibrium: First, we will consider member ABC . 
(+M, = 0; C, (1.6)— 509.81) 0.7) — 50(9.81)(1.7) = 0 > 
C, = 735.75N ans 
+ TR, =0; Ay + 735.75— 50(9.81)— 50( 9.81) = 0 
Ay = 245.25N = 245N Ans. 
+ =F, =Q C,-A, =0 (1) 


Subsequently, we will consider memberCD. 


(+p =Q C, (1.2)+ 509.81 0.7) — 735.751.6)= 0 

C, = 694.875N 
+ T EF, =0; Dy +5X(9.81)—735.75 = 0 

Dy = 245.25 N =245N Ans. 
EF, =Q Dy - 694.875 = 0 

Dy = 694.875 N =695N Ans. 
Substituting Cy = 694.875 N into Eq. (1) yields 

Ay = 694.875N = 695N Ans. 
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6-102. The frame is used to support the 50-kg cylinder. 
Determine the force of the pin at C on member ABC and 
on member CD. 

















Equations of Equilibrium: The horizontal and vertical components of force on members CD and 
ABD are denoted as Cy , Cy, Cx’, and Cy’, respectively. Writing the moment equation of equilibrium 
about point A, 








(m, =0; Cy (1.6) — 50(9.81)(0.7) — 50(9.81)(1.7) = 0 
C, = 735.75N 


Using this and applying the moment equation of equilibrium about point Dof member CD, 


(mp =Q C, (1.2)-+ 50( 9.81) 0.7) — 735.71X1.6)= 0 
C, = 694,875N 


Using the results of C, and C, and considering the free - body diagram of pulley C, 


+ =F, = 0, 694.875 — 50(9.81)-C, = 0 
Cy = 204375 N 

+ TER, =0; 735.75 — 50(9.81)—C,- = 0 
Cy’ = 245.25 N 


Thus, the force at pin Con members CD and ABC are given by 


Rp = Ie? +Cy? = 694.873? + 735.75? =1012.01N =1.01 kN 


Fasc = k? +Cy? = 42043757 +245.25 = 319.24 N =319N 


FF 


SoCP.Z\)N , 
cy 
Cy 
G 94.875N | 
$09.81) N 


735.75 N 
(£) 





(b) 
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6-103. Determine the reactions at the fixed support E and 


the smooth support A. The pin, attached to member BD, 
passes through a smooth slot at D. 























<—().3m 0.3 m—-— 0.3 m— 


Member BD : 

(zm = 0: 600 (0.3) - Np (3) (0.6) = 0 
Np = S00N 

SIR e0 B, ~ $ (500) =0 
B, = 400N 

+TEF, = 0; = 600 + B, ~ $ (500) = 0 
B, = 900N 

Member ABC : 

Gime =o: 900 (0.3) = 400 (0.4) = A, (0.6) = 0 
A = 183.33 = 183N Ams 

AI ah -400+G =0 


G = 40N 





#TIF, = 0; 183.33 -900+6 =0 


G = 716.67N 

Member CDE : 

. 4 

IF, = Q = = | = 

= a: 400 + 300 ($) + & ü 
&=s0 Am 

+TIR = 0; - 16.67 + 00(2) + £ = 0 

5 

—&=417N Am 


GoM = 0; = My — 500 (0.5) + 400 (0.8) + 716.67 (0.6) = 0 


My = 300N-m Am 
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*6-104. The compound arrangement of the pan scale is 
shown. If the mass on the pan is 4 kg, determine the 
horizontal and vertical components at pins A, B, and C and 
the distance x of the 25-g mass to keep the scale in balance. 














Free Body Diagram : The solution for this problem will be simplified if 
one realizes that members DE and FG are two-force members. 


Equations of Equilibrium : From FBD (a), 
G+ 2M, =0;  Foe(375)-39.24(50)=0 yg = 5.232. N 





P 4(9-81)£29-24.N 
> LF, = 0; A, =0 Ans (a) 


From (b), 
Ç+EMc=0;  Fpo(300)-5.232(75)=0 Fp =1.308N 


+TIE=0; G -1.308-5.232=0 
C, =6.54N Ans 


=- IF = 0; Cc =Ü Ans 
From (c), 


(+m, =0; 1.308(100) —0.24525 (825 -—x) =0 





x= 292 mm Ans 
+TZE=0;  1.308-0,24525-B, =0 Oy. “100mm 0-025¢(48!) 
B, = 1.06N Ans (C) 0.245.245 M 
IF =0; B, =0 Ans 
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e6—105. Determine the horizontal and vertical components 
of reaction that the pins at A, B, and C exert on the frame. 


The cylinder has a mass of 80 kg. 








Equations of Equilibrium : From FBD (b), 


(+M, =0;  784.8(1.7)-G, (1) =0 


G, = 1334.16 N = 1.33 kN Ans 
+TEF=0; B, +784.8-1334.16=0 Elm 

B, = 549 N Ans | 
IR =0; C,-B,=0 [1] 





From FBD (a), 


(+2M, =0; G (0.5) + 1334. 16(1) —784.8(1.7) -784.8(1.9) =0 j Ci 
C, = 2982.24 N = 2.98 kN Ans A. Gy=s34- 108 80(98!)=784.8 N 
+TEE=0; A, +1334.16-784,8-784.8 =0 Ay, = (4) 
A, =235N Ans 
gorg) z784.87 


cy 





EF =0; A, -2982.24=0 
__ A, = 2982.24 N = 2.98 kN Ans 


Subsotute C, = 2982.24 N into Eg.[1] yields, 


B, = 2982.24 N = 2.98 kN Ans B 
d 


© ) 
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6-106. The bucket of the backhoe and its contents have a 
weight of 1200 lb and a center of gravity at G. Determine 
the forces of the hydraulic cylinder AB and in links AC and 
AD in order to hold the load in the position shown. The 
bucket is pinned at E. 











Free Body Diagram : The solution for this problem will be simplified if 
one realizes that the hydraulic cyMlinder AB, links AD and AC are twoe 
force members. 


Equations of Equilibrium : From FBD (a), 


(a) 
(+2m,=0; — Fyccos 60°(1) + F csin 60° (0.25) 
~ 1200(1.5) =0 
F,c = 2512.19 lb = 2.51 kip Ans 
Using method of joint [FBD (b)], 
+TER =0; 2512. 19sin 60°- F pcos 45° = 0 he 
F, = 3076.79 Ib = 3.08 kip Ans 
—x (b) 


Š EF =0; Fp —3076.79sin 45° -2512.19cos 60° = 0 
E, p = 3431.72 lb = 3.43 kip Ans 





) G52581219 ib 
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6-107. A man having a weight of 175 lb attempts to hold 
himself using one of the two methods shown. Determine the 
total force he must exert on bar AB in each case and 
the normal reaction he exerts on the platform at C. Neglect 
the weight of the platform. 








(a) (b) 





(a) 
Bar: P7S1b ga Sib 
+TEE =0;, 2(F/2) - 2(87.5) = 0 
E E 
F = 175 1b Ans . B 
Man : 
+TIE = 0; No — 175 — 287.5) = 0 
Nc = 350b Ans 
(b) 
Bar: p 
l Fib H3. TS14 
+ÎEE =0; 2(43.75) - 2(F/2) = 0 T T. 
A =$ 
$ + 
F = 87.5 lb Ans $. E 
Man: 


+ÎEĘ =0; Ne- 175 + 2(43.75) = 0 


Ne = 87.5 lb Ans 
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*6-108. A man having a weight of 175 lb attempts to hold 
himself using one of the two methods shown. Determine the 
total force he must exert on bar AB in each case and the 
normal reaction he exerts on the platform at C. The platform 


a eee 4. _* 








has a weight of 30 Ib. 
= 
(a) (b) 
192.50 102.51 
A 6 
Fe Fa 
A poles 
(a) ou, = 102.546 
Bar: 1754 
+TIE = 0; 2A%F/2) - 102.5 — 102.5 = 0 
F = 205 lb Ans 
Man rie 
10254 | goasa 
+ÎER = No- 175 - 1025- 1025 = 0 . 
Ne = 380 Ib Ans 
(b) Ni 
Bar: 
+TiF = 0; 2(F/2) - 51.25 - 51.25 = 0 
g 102.516 
F = 102 lb Ans Â 
ia S.351 S1,25Lb 
+TER = 0; Ne- 175 + 51.25 + 51.25 = 0 
Ne = 72.5 Ib Ans 
51.254 AEL 
à La g 
Fla "fa 
nsib 
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°6-109. If a clamping force of 300N is required at A, 
determine the amount of force F that must be applied to the 
handle of the toggle clamp. 








Equations of Equilibrium: First, we will consider the free- body diagram of the clamp 
in Fig. a. Writing the moment equation of equilibrium about point D, 


(mn =% C, (60)-300(235) = 0 
C, =1175N 


Subsequently, the free - body diagram of the handle in Fig. b will be considered. 


(mc =0; Fpe 00830°(70)~ Fpp sin30°(30)— F cos 30°%(275c0s 30° +70) 
=F sin30°(275sin 30°) = 0 
45.62F pr ~ 335.62F = 0 (1) 
+ EF, =Q 1175+ Fsin30°— Fg sin 30° = 0 
0.5F pe — 0.5F = 1175 (2) 


Solving Egs. (1) and (2) yields 
F = 369.69N =370N Ans, 
Fpp = 2719.69N 
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6-110. If a force of F = 350 N is applied to the handle of 
the toggle clamp, determine the resulting clamping force at A. 








Equations of Equilibrium: First, we will consider the free- body diagram of the handle 


in Fig. a. 
(+2M c = 0; Fgg cos30°(70)— Fgg sin30°(30)— 350cos 30°( 275 cos 30° + 70) 
—350 sin 30°(275 sin 30°) = 0 
Fee = 2574.81N 
* =F, =Q Cy — 2574.81sin 30° + 350 sin 30° = 0 
C, =1112.41 N 


Subsequently, the free- body diagram of the clamp in Fig. b will be considered. Using the 
result of C, and writing the moment equation of equilibrium about point D, 


(+2M p = 0; 1112.41(60)— N 4(235)= 0 
N4 = 284.01 N = 284N Ans. 











s 
E 
i 
F 

EF 

7 
i 


e 


Wa 


“FS 
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6-111. Two smooth tubes A and B, each having the same 
weight, W, are suspended from a common point O by means 
of equal-length cords. A third tube, C, is placed between A 
and B. Determine the greatest weight of C without 
upsetting equilibrium. 








Free Body Diagram : When the equilibrium is about to be upset, the 


reaction at 8 must be zero (NV, = 0). From the geometry, ¢ = cos” fa 
T 
r 


= 43.19° and @ = cos” ( =) = 75,52°, 


Equations of Equilibrium : From FBD (a), 


J EF =0;  Tcos 75.52°-Necos 48.19° = 0 (1) 
+TIF=0; Tsin 75.52°-Nesin 48.19°- W = 0 {2] 
Solving Eq. [1] and [2] yields, 





T=1.452W N-=0.5445W 
From FBD (b), 


+TIF =0;  2(0.5445Wsin 48.19°) - Wç =0 
We = 0.812W Ans 





518 








6 Solutions 44918 1/26/09 1:47 PM Page 519 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*6-112. The handle of the sector press is fixed to gear G, 
which in turn is in mesh with the sector gear C. Note that 
AB is pinned at its ends to gear C and the underside of the 
table EF, which is allowed to move vertically due to the 
smooth guides at E and F. If the gears only exert tangential 
forces between them, determine the compressive force 
developed on the cylinder S when a vertical force of 40 N is 
applied to the handle of the press. 

















Member GD : 
GoM =0; -40(0.5) + Feo (0.2) = 0 


Feo = 100N 


Sector gear : 
GIM = 0;  100(1)- Fas ()a35 = 0 


Fip = 297.62N 


Table : 
t 1.2 
+ LF, = 0; 297.62 (3) -Aap 


F; = 286N Ans 
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e6-113. Show that the weight W, of the counterweight at 
H required for equilibrium is W, = (b/a)W, and so it is 
independent of the placement of the load W on the 
platform. 





Equations of Equilibrium: First, we will consider member BE. 














(2M; = 0; Wx)~Np{ a+ 3c)=0 
Ng = ~ 
3b + =c j 7 
| 4 | 
+ Î EF, =0; Fre + = ~W=0 
[w+ 3 | 
Fre =W|1- 3 
3b+ a 


Using the result for Ng and applying the moment equation of equilibrium about point A, 


Qm, = 0: Fep (c)- s (2 c) = 0 
| »+3.} 
4 


Wx 
12b +3c 
Writing the moment equation of equilibrium about point G, 


Fep = 


Wr x 
+IM ¢ = 0; —————(4b)+W 1- b)- W,(a) =0 
Ç G 12b+ zí ) PERE )— Wj (a) 
+=—C€ 
b 
W= P W Ans. 

This result shows that the required weight W; of the counterweight is independent of the position x of the load 
on the platform. 
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6-114. The tractor shovel carries a 500-kg load of soil, 
having a center of mass at G. Compute the forces developed 
in the hydraulic cylinders ZJ and BC due to this loading. 



































200 mm 400 mn, T SL 
200 mm 


50 mm 






50009-81) N 


/ 


Shovel : 

; 2 | 3 
+EMy = 0; — $009.81) (0.4) + Fry | — |(0.4)+ F Joa a 0 
k m( 23] id (2. | 


Fry = 5052.92 N 


Member EH : 


GiMs=0; Fy (S5) ~ 5052.92 [Jon 


Fy = 9059N = 9.06EN(T) Ans 


Assembly : 
GEM, = 0, — -500(9.81) (1.1) + Fac (0.35) = 0 


Fac = 15415.7N = 15.4EN(C) Ans 
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6-115. Ifa force of P = 100 N is applied to the handle of 
the toggle clamp, determine the horizontal clamping force 
Np that the clamp exerts on the smooth wooden block at E. 





Equations of Equilibrium: First, we will consider the free- body diagram of the handle in 


Fig. a. 
(+2M 5 = 0; Fcp sin30°( 60) — 100(160) = 0 
Fep = 533.33 N 
SIF, =0, 100sin30° -B, = 0 
B, = 50N 
+ T IF, =0; 533.33—100cos 30° — B, = 0 
By = 446.73N 


Using the results of B, and B, obtained above and applying the moment equation of equilibrium 
about point A on the free- body diagram of the clamp in Fig. b, 


(+2M 4 =0; 446.7% 50 cos 45°) — 50(50sin45°) — N g (75) = 0 
Nr = 187.02N =187N Ans. 
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*6-116. If the horizontal clamping force that the toggle 
clamp exerts on the smooth wooden block at EF is 
N g = 200 N, determine the force P applied to the handle of 
the clamp. 





Equations of Equilibrium: First, we will consider the free- body diagram of the handle in 


Fig. a. 
GM p = 0; Fep sin30°( 60) — P(160) = 0 
Fcp = 5.333P 
t =F, =Q P sin30° —- B, =0 
B, =0.5P 
+ TF, = 0; 5.333P — P cos30° — By = 0 
By = 4.4673P 


Using the results of B, and B, obtained above and applying the moment equation of equilibrium 
about point A on the free- body diagram of the clamp in Fig. b, 


(+m A =0; 4.4673P(50 cos 45°) — 0.5P(50sin45°) — 200(75) = 0 
P =106.94 N =107N Ans. 
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10° 


e6-117. The engine hoist is used to support the 200-kg 
engine. Determine the force acting in the hydraulic cylinder 


AB, the horizontal and vertical components of force at the ot 
pin C, and the reactions at the fixed support D. he 














Free Body Diagram : The solution for this problem will be simplified if 
one realizes that member AB is a two force member. From the geometry, 


ha = ¥ 350 + 850 -—2(350) (850) cos 80° = 861.21 mm 





sin@ sin 80° 
——_ l ee 6 = 76.41° 
850 861.21 
Equations of Equilibrium : From FBD (a), Le 50mm 
(+ IM-=0;  1962(1.60) - F, sin 76.41°(0.35) =0 g 
F, a = 9227.60 N = 9.23 kN Ans i40 Sin (0'm 


EF =0; C, -9227.60cos 76.41° = 0 
C, = 2168.65 N =2,17 kN Ans 


+TZXF =0; 9227.60 sin 76.41°- 1962-C, =0 
C, = 7007.14 N = 7.01 kN Ans 


From FBD (b), 


> EF =0; D, =0 Ans 





+TER=0; D,-1962=0 M 
(+ zm, =0; 1962( 1.60 1.40 sin 10°) = Mp =0 Dy 
Mp = 2662.22N-m=2.66kN-m Ans tb) 
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6-118. Determine the force that the smooth roller C 
exerts on member AB. Also, what are the horizontal and 
vertical components of reaction at pin A? Neglect the 


weight of the frame and roller. 








= Ç+EM, =0; = -60 + D (0.5) = 0 


D, = 120 1b 
EK =0; A, = 120 lb Ans 
+ TER =0; A,=0 Ans 


1 


(+=M, =0; -N,(4) + 1200.5) = 0 


No = 15.0lb Ans 

















6-119. Determine the horizontal and vertical components 
of reaction which the pins exert on member ABC. se p 
0.5 ft f 3t 
NS - a 
= °° °°, 
— Cra 
~ 6 ft 9 ft d 
i| 
80 Ib 

. POM 

SEE =0; A, = 801b Ans | h 

+ TIF = 0; A, = 80 Ib Ans 04 Ay 

(+=M, =0; 80(15) — B, (9) = 0 x 

1ft 
B, = 133.3 = 1331b Ans papa 
2. 
(+EMp =0; ~ 80(2.5) + 133.3(9) - B,(3) = 0 4 ask 
B, = 333 lb Ans by 
SEF =0; 80 + 333- CG =0 by 
ift 1i 
sou, — Cx 
C, = 413 1b Ans | 6x | 
Bol a 
+TIF =0; -80 + 1333-6 =0 
CG, = 53.3 lb Ans 
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*6-120. Determine the couple moment M that must be 
applied to member DC for equilibrium of the quick-return 
mechanism. Express the result in terms of the angles ¢ 
and 0, dimension L, and the applied vertical force P. The 
block at C is confined to slide within the slot of member AB. 









z „ġie on Lang 
4L 4L sind sind 
Ax 


From FBD (a) 


GEM, = 0: Ne( —2* )- pcatcoss) =0 Ne = Secos Geine 
sing sing 


From FBD (b) Ay (a ) 


EMp 30; M-A rea 9 - 6)]L=0 
£ sing N= 4 POosb-Sin& 


_ 4PLcos 6sind C Om Ø 


M aa [cos(¢ - 6)] 


2PLsinié@ 
a es Ane 
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e6-121. Determine the couple moment M that must be 
applied to member DC for equilibrium of the quick-return 
mechanism. Express the result in terms of the angles ¢ 
and 0, dimension L, and the applied force P, which should 
be changed in the figure and instead directed horizontally 
to the right. The block at C is confined to slide within the 
slot of member AB. 



















x | Lsing pa Esing 
4L 4Lsin@ sing 
From FBD (a) 
Lsing 4P sin? @ 
= = P(4Lsin@) = = 

Germ, =o, ne( St?) pratsing)=0 Nee Ee 
From FBD (b) 
(mo =0; M-E P coslo- -0]L=0 

is 4PLsin’ ea com - -9)] hie 
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6-122. The kinetic sculpture requires that each of the AR 

three pinned beams be in perfect balance at all times during “= a ~ 
its slow motion. If each member has a uniform weight 
of 2 lb/ft and length of 3 ft, determine the necessary 
counterweights W,, W2, and W, which must be added to the 
ends of each member to keep the system in balance for any 
position. Neglect the size of the counterweights. 








(+=M, = 0; W,(1cos@) — 6(0.5cos0) = 0 
W; = 31b Ans 

+TXE=0; R-3-6=0 
R, = 91b | 

( +EM, = 0; W,(1cosġ) — 6(0.5c08p) - 9(2cosġ) = 0- 
W, = 21% Ans 

+TEE =0; R -21-6-9=0 
Ry = 36 1b 


(+ZM, = 0;  36(2cosg) + 6(0.5cosp) — W;(lcosg) = 0 





W =75lb Ans 
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6-123. The four-member “A” frame is supported at A and 
E by smooth collars and at G by a pin. All the other joints 
are ball-and-sockets. If the pin at G will fail when the 
resultant force there is 800 N, determine the largest vertical 
force P that can be supported by the frame. Also, what are 
the x, y, z force components which member BD exerts on 
members EDC and ABC? The collars at A and E and the 
pin at G only exert force components on the frame. 


GF is a two - force member, so the 800 - N force acts along the axis of GF. Using. FBD (a), 


IM, =0;  — P(1.2)+ 800 sin 45° (0.6) = O 
P=283N Ans. 











IM. = 0; — Ay(0.3)+ E,(0.3)= 0 
EF, = 0: — A, — Ey +800 sin 45° =0 
Ay = Ey = 283 N 
IM, = 0; A,( 0.6)+ E, (0.6) — 283((0.6) =0 
IM, = 0; A 0.3- E.(0.3)= 0 
A, = E = 118N 

Using.FBD (b), 
IM. = 0, D,(0.3)-B, (03) =0 

B, = Dy = 283 N Ans. 
EF, = 0; =B, — D, + 800 cos 45°= 0 
iM, = 0; — D,(0.3)+ B,(0.3) =0 

B, = D, = 283 N Ans. 
EF = 0; -B, +D, =0 
Using. FBD (c), 
IM. = 0, — B, (0.6) + 285 0.15)—2830.3)= 0 


B.=D,=42.5N Ans. 





529 








6 Solutions 44918 1/26/09 1:48 PM Page 530 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*6-124. The structure is subjected to the loading shown. 
Member AD is supported by a cable AB and roller at C and 
fits through a smooth circular hole at D. Member ED is 
supported by a roller at D and a pole that fits in a smooth 
snug circular hole at E. Determine the x, y, z components of 
reaction at E and the tension in cable AB. 











IM, = 0; -FB0 +2503) = 0 

Fp = 1563 = 156 KN Ans 

7 

4 
ZE = 0; =(1.563) - 25+ D = 0 | Ds 

5 Gs 

| % | Pi atm / y F = {—2.5k} kN ~< 

amw Tein 
EIE = 0; DB, =0 ” 1 am 2. 5H 
IE = 0; D, + G ~ 31.568) = 0 (1) 
IM, = 0; Mp, + 5(1.563)(04) = 2'5(0.4) = 0 

Af,, = 05 KN-m 
IM, = 0; Mp + (L56304) - co = 0 (2) 
LE = 0; D, = 1.25 KN 

Ej 
EM, = 0; iii Ans . | te es Ta 
EM, = 0; Ma = 0 Ans Ey -9> = as 
EE = 0; E=0 Ans  * Pa One) Dy 
Co chin 

EM, = 0; D(05) ~My =0 = (3) 
Solving Eqs. (1), (2) and (3); 

C = 0.938 kN 

My, = 0 

D=0 
EE = 0; E=0 Ans 
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e6-125. The three-member frame is connected at its ends 
using ball-and-socket joints. Determine the x, y, z components 
of reaction at B and the tension in member ED. The force 
acting at Dis F = {135i + 200j — 180k} lb. 








AC is a two-force member. 


F = {135i + 200j — 180k} Ib 





6 
IM, = 0; — 5Fbx(3) + 180(3) = 0 
For = 270 lb Ans x 
' 6 
LE = 0; B, + 5(270) — 180 = 0 
B, = 0 Ans 
9 . 4 O 6 «(CS 
2M), = 0; = yon Ya %c(9) + 135(1) + 200(3) 507790) — 562700) = 0 
Fic = 1641 Ib 
EF = 0; 135 3270) +B : (16.41) = 0 
; 1 9 z {97 x 
B, = —30 lb Ans 
4 6 
ZF = 0; B, — ——(16.41) + 200 — —(270) = 0 
¥ ¥ (97 9 
B, = — 13.3 lb Ans 
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6-126. The structure is subjected to the loadings shown. 
Member AB is supported by a ball-and-socket at A and 
smooth collar at B. Member CD is supported by a pin at C. 
Determine the x, y, z components of reaction at A and C. 








From FBD (a) 
EM, = 0, Mg, =0 


EIM, = 0; —-M,;,+800=0 Mp- = 800 N- m 


EM, =0;  By(3)—B;(2)=0 (1) 
LF, =0; A=0 Ans 
ER=0; -A, +8, =0 (2) 

| 
If,=0; -A,+B,=0 (3) 
From FBD (b) 





EM, =0; B,(1.5)+800~250 cos 45°(5.5)=0 B, =114.85N 


From Eq. (1) 114.85(3)-—B,(2)=0 B, =172.27N 
From Eq. (2) A, = 172N Ans 
From Eq.(3) A, = 115N Ans 


EF, =0; CG, +250 cos 60°-172.27=0 C=47.3N Ans 
ZF, =0; 250 cos 45°-114.85-G =0 © =61.9N Ans 
ER =0, 250 cos 60°-C =0 G=125N Ans 
EM, =0; Mey —172.27(1.5)+250 cos 60°(5.5)=0 


Mc, =—429N- m Ans 





EM, = 0; Mo, =0 Ans 


Negative sign indicates that Mc, acts in the opposite sense to that shown 
on FBD. 
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6-127. Determine the clamping force exerted on the 20 Ib 
smooth pipe at B if a force of 20 Ib is applied to the handles 
of the pliers. The pliers are pinned together at A. 





G = 0;  20(10) - 1.5 (Fə) = 0 


Fa = 133b Ans 
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*6-128. Determine the forces which the pins at A and -——— (0.8m ‘i 0.6 m 
B exert on the two-member frame which supports the 
100-Kg crate. 

















AC and BC are two - force members. 


Pia C: 
EF, =0; Fac (3) - fac 7.) - $0(9.81) = 0 


+I, = 0; Fac (3) + fie( 4} - 100(9.81) = 0 


Fic = LIS4N=1.15KN Ans 


fic 2 SON Am 





(00(9.8/)N 
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e6—-129. Determine the force in each member of the truss 
and state if the members are in tension or compression. 














Method of Joint : In this case, support reactions are not required for 
determining the member forces. By inspection, members DB and BE are 
zero force members. Hence 


Fog = fag = 0 Ans 
Joint C 


+TIF = 


2 


{she 


Fog = 17.89 KN (C) =17.9kKN(C) Ans 


+ 2 
= IF =0; na 5] 4-9-0 


F-p = 8.00 kN (T) Ans 
Joint D 


Ż EF =0; 800-Ęs=0 Fp=800kN(T) Ans 


Joint B 


+ IF.=0; #, -17.89=0 
Fa = 17.89 kN (C)=17.9KN(C) Ans 


Joint A 





+TIF=0; Re- na- ]=0 
Fe = 8.00 KN (T) Ans feg=17.89 kn 


i: 2 
ŽEF, =0; -nsf A, =16.0kN 


Note : The support reactions E and E, can be determined by analyzing 
Joint E using the results obtained above. 
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6-130. The space truss is supported by a ball-and-socket 
joint at D and short links at C and E. Determine the force in 
each member and state if the members are in tension or 
compression. Take F4 = {—500k} Ib and F, = {400j} Ib. 


IM, = 0; -G (3) - 4003) 2 0 
G = -400b 


IF, =0; D,=0 





IM, =0; G20 
Joint F : Ip =0 fy 2 0 Ans 
Joint B : 

LF, = 0; Fac = 0 Ans 





EF, = 0; 400 - Far = 0 
Fog = 500 Ib (T) Ans 


IF, = 0; Fis ~ 3(500) = 0 


Fa = 300 Ib (C) Ans 
Joint A : 
LF, = 0; 300 - afc = 0 
34 
Fac = 583.1 = 583 1b (T) Ans 


IF, = 0; gge -s00 + $Fio= 0 
Fp =333 1b (1 Aus 


4 4 
EF, = 0, Fur = 3 (933-5) = Taaa = 0 


Fug = 667 Ib (C) Ans 
Joint E : 
IF, = 0: Fog = 0 Ans 
EF = 0; Far ~ 3(500) = 0 Fer = 300 lb (C) Ans 
4 
= 1) = = t 
Fer 2 10b (0 ro LF, = 0; ma 400 = 0 Check 
Joint C: Joint F : 
3 3 
EF, = 0; (583.1) - Feo = 0 IF, = 0; ——=Fpr - 300=0 
v4 Vis 
Fep = 300 lb (C) Ans Fpp = 424 b (T) Ans 
3 3 
IF, 0; 0 Fer- —==(583.1) = 0 IF, = 0; (424.3) - 300 = 0 Check! 
ix ce Tis 
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6-131. The space truss is supported by a ball-and-socket 
joint at D and short links at C and E. Determine the force 
in each member and state if the members are in tension 
or compression. Take F; = {200i + 300j — 500k} Ib and 
F, = {400j} lb. 


IF, «0, D, + 00= 0 
D, = -200 b 
IM = 0; - (3) — 400(3) - 200(4) =0 
C, = -666.7 lb 
IM, = 0. G(3) - 20K3)= 0 
G&G = 200 ib 
Joint F: 
fit [ 2004 +3005 
IF, =0; Fer = 0 Ans = 
Joint B : t 
F 
IF, = 0; Best Am o S 
4 fre r 
IF, = 0; 400 - zme = 0 r 
Fag = 500 b (T) Ags E 
? oS ws 
oal - - = Fe 
IF, = 0; Faa ~ 5(500) = 0 es 
Faa = 300 D (C) Ans 
Joint A: 
3 ay? 
IF, = 0, 300 + 200- = 0 Jou 
qre AL 
2 A J 
Fac = 971.8 =972 (T) Age 
LF, = 0; -3.(971.8) - 500 + Fap = 0 
{34 5 
Fio =0 Ans 
4 
EF, = 0; ‘eee. ieee 
Fxg = 367 Ib (C) Ans 
Jom £ : 
IF, = Q; 
IF, = 0; Fog = 0 Ans 
LF, = 0; Fer ~ (500) = 0 
Fer = 300 lb (C) Ans EF, = 0, 
Join C: Joint F : 
3 
LF, = 0, J09- Feo = 0 IR et 
Fco = 500 Ib (C) Ans 
538 


3 
“Soot } lh 












3 
Fep = 1.8) + 200 = 0 
cr a 


Fer = 300 lb (C) 


on - 666.7 = 0 


Ans 


Chock! 


neo 


For = 424 b (T) Ans 
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*6-132. Determine the horizontal and vertical components 1m 
of reaction that the pins A and B exert on the two-member 
C 


frame. Set F = 0. 






CB is a two - force member, 


Member AC : 


GIM, = 0;  -600(0.75) + 1.5 (Fep sin 75°) = 0 





Fea = 310.6 


B, = B, a sins{ 7) = 20N Ans 


SER =0; -A + 600sin60° - 310.6 cos 43° = 0 
A = JÒN Am 
+TEF, = 0; A, - 600cos 60° + 310.6 sin 45° = 0 


A,=80.4N Ans 
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6-133. Determine the horizontal and vertical components 
of reaction that pins A and B exert on the two-member 
frame. Set F = 500 N. 








Gim, =O;  =600 (0.75) - G (1.5 cos 60°) + Q, (1.5 sin 60°) = 0 


GEM =0% -G(1)-G(1) 4+ S001) =0 ‘ 
|,55inGO m 
G = 402.6N 
G = 97 .4N 
Member AC: 
SEF, 20; =A, +600 sin 60 - 4026 = 0 


A = l11I7N Ans 





+TIF = 0; A, = 6000s 60 - 97.4 = 0 
A =397N Ans 
Member CB : 
JEF = 0; 4026 - 500 + B, =0 
B, =974N Ans 
+TI =% -B, +9420 


B, = 97.4N Ame 
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6-134. The two-bar mechanism consists of a lever arm AB 
and smooth link CD, which has a fixed smooth collar at its 
end C and a roller at the other end D. Determine the force P 
needed to hold the lever in the position 0. The spring has a 
stiffness k and unstretched length 2L. The roller contacts 
either the top or bottom portion of the horizontal guide. 


L 
Free Body Diagram : The spring compresses x = 2L- mrg Then, 


l 
the spring force developed is F, kx =tL(2-——). 


Equations of Equilibrium : From FBD (a), 





l : 
EF =(; te (2- = )- eosin @=0 
F = {2 : ) 
co sin al sin @ 


(+ IM, =0; Mc =0 ae 






Me #9 


From FBD (b), 
KL i 
AA V Rotmo (2 ma) 
Gram a0; T ET) Ki 
kL 
Pa zp A Ans Áx 
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6-135. Determine the horizontal and vertical components C 2 kip/ft 
of reaction at the pin supports A and F of the compound 
beam assembly. 














AN = alll, 
B D = q : 
3 ft { 2 ft i d 6 ft =! 





Member BDE : 

kams =0; 6(2)+ (3 (6) - ef=) (9) =0 

Member AC : 

gira (gjoja L26) =6 kip 
Solving, 


T =3.440kip, R = 7.568 kip 


Member AC : 


2 l 


SIF 20; A -130{4, -sof =0 


A = 831kip Ans 





+ TEF, = 0; 4, -1s |5) « sao[ 5] =o 


is 
A, = 0.308kip Ans 


Member BDE : 


2 l 


+ IF, = 0; rsa (2) + sao 4) -E,=0 


E, = 8.3lkip Ans 


+TLF = 0; isaf) -a0[ 4) -6+5 = 0 


Bs 


E, = 569kip Ans 


543 








6 Solutions 44918 1/26/09 1:48 PM Page 544 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*6-136. Determine the force in members AB, AD, and AC Z 
of the space truss and state if the members are in tension or 


compression. 











Method of Joints : In this case the support reactions are not required for 
determining the member forces. 


Joint A 


2 
IF =0; Fal Za ]-0=0 


Fup = 2473.86 Ib (T) = 2.47 kip (T) Ans 


fic = Fin [1] 








see vfta)n( gts) 


0.9829F, c + 0.9829F, , = 2400 [2] 


Solving Eqs. [1] and [2] yields 


Fic = Fa = 1220.91 Ib (C) = 1.22 kip (C) Ans 
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e7-1. Determine the internal normal force and shear 8 kip 
force, and the bending moment in the beam at points C and 
D. Assume the support at B is a roller. Point C is located just 
to the right of the 8-kip load. 








Support Reactions : FBD (a). & Kip 
(+=M,=0;  B,(24)+40-8(8)=0 B, = 1.00kip 40 kip ft 
+TEF =0; A,+1.00-8=0 A, =7.00 kip A ) 
. X 
=- EIF =0 A, =0 


Internal Forces : Applying the equations of equilibrium to segment AC 
[FBD (b)], we have 


> EF = 0; Nc =0 Ans 

+TIF =0; 7.00-8-V.-=0 V.=-1.00kip Ans 

(+ 2m, =0; Mc-7.00(8)=0 Mc =S6.0kip-f Ans 
Applying the equations of equilibrium to segment BD [FBD (c)] , we have 

Í IF =0; Np =0 Ans 

+TEF =0; Wp+l00=0  Vp=-1.00 kip Ans 


(+=M,=0;  1.00(8) +40- Mp =0 
Mp = 48.0 kip - ft Ans 
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7-2. Determine the shear force and moment at points C 500 Ib 
and D 200 Ib 300 Ib 






C 


-— 6ft —4ft 4 ft ji 6 ft TR 














Support Reactions : FBD (a). 


Ç EM, =0;  500(8)-300(8)-A, (14) =0 
A, = 114.29 Ib 


500ib Z00lb 3004 


Internal Forces : Applying the equations of equilibrium to segment AC 
[FBD (b)], we have 


$ EF =0; Ne =0 Ans 
+TEF=0; 114.29-500-V-=0 V,~=-386bb Ans 


(+ 2M. =0; Me +$00(4) - 114.29(10) = 0 
Me = -857 lb- ft Ans 


Applying the equations of equilibrium to segment ED [FBD (c)] , we have 
+ EF =0; Np =0 Ans 
+ TIF =0 ¥)-300=0 ,=300lb Ans 


Çam =0; -M -300(2)=0 Mp=-600lb-t Ans 
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7-3. Determine the internal normal force, shear force, and 500 Ib /ft 
moment at point C in the simply supported beam. Point C is 
located just to the right of the 1500-Ib - ft couple moment. 














Writing the moment equation of equilibrium about point A with reference to Fig. a, 
(+a = 0; Fp cos 30°(12)- 500 12X6) -— 1500 = 0 Fg = 3608.44 |b 


Using the result of Fp and referring to Fig. b, 


+ =F, = 0 -Nç — 3608.44sin30° = 0 Nc =-1804 Ib Ans. 
+ TER, =0; Vc +3608.44 cos 30° — 500(6) = 0 Vo =-125 Ib Ans. 
(+c =0; 3608.44 cos30°(6)— 500(6X3)- Mc =0 Mc =97501b-ft Ans. 


The negative sign indicates that Nc and Ve act in the opposite sense to that shown on the free- body 
diagram. 


5002) Ib 500(6) |b 











A) 
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*7-4, Determine the internal normal force, shear force, 
and moment at points E and F in the beam. 














With reference to Fig. a, 


(+2M 4 =0; 1(6) + T sin45°(3) — 300(6)(3) = 0 T = 664,92 N 
=F, =Q 664.92.cos 45° -— A, = 0 A, = 470.17N 
+ T IF, =0; Ay + 664.92sin45° + 664.92— 300(6)=0 Ay = 664.92N 


Using these results and referring to Fig. b, 


7 =F, =Q Ng —470.17=0 Ng = 470N Ans. 
+ Î IF, =0; 664.92 -— 300(1.5)— Vg = 0 Vg = 215N Ans. 
GM; = 0; M g + 300(1.5)(0.75) — 664.9X1.5)=0 Mpg =660N-m Ans. 


Also, by referring to Fig. c, 


IF, =Q Nr =0 Ans. 
+ T EF, =0; Vr + 664.92 — 300(1.5)= 0 Vp =-215N Ans. 
G+IM r = 0; 664.92(1.5)—30001.5)(0.75)-Mrp=0 Mp =660N-m Ans. 


The negative sign indicates that Vp acts in the opposite sense to that shown on the free- body diagram. 


/=664.92N 


Ay =664.92N 0./5m 





300(6) N 


3000-3) N 
CE) 
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e7—5. Determine the internal normal force, shear force, 
and moment at point C. 








Beam : 
EF, 20; -A,+40020 
A, = 400 N 
Gum, = 0; A, (5) - 400(1.2) =0 
A, = 96.N 


Segment AC : 





EF =0:; Ne - 40020 
No = 400N Ans 


+TIF 20; -%-% 20 A,=400N i Me 





% = -96N Ans 


QIM = 0; Me + 96(1.5) 20 { 
M- = -144N-m Ans Ay= Gy N 
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7-6. Determine the internal normal force, shear force, and 4kN/m 
moment at point C in the simply supported beam. 











With reference to Fig. a, 
(Gm, = 0; B,(6)- ZUXAD= 0 By = 4kN 


Using this result with reference to Fig. c, 


TEF =Q Nc =0 Ans. 
+ TER, =0; 4~<(2(3)+Ve =0 Vo =-1kN Ans. 
Gmc = 0; 4(3)- 5(2X3)(1)-Mc =0 Mc =9kN-m Ans. 


The negative sign indicates that Vc acts in the opposite sense to that shown on the free- body 
diagram. 


(4) (6) KN 
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7-7. Determine the internal normal force, shear force, and Wo 
moment at point C in the cantilever beam. 








The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. a, 


wc _ Wo 
is. 


With reference to Fig. b, 


EF, =Q Nc =0 Ans, 
: wo HL) Ll) Woy L 3wọoL 
+ T EF, = 0; vV- -| — | =| -= — |= |=0 = coe 
ey cima ed vo= Ans 
LYL)\) 1lfwaYLYL 5 
=M, = 0); -Mr - v0 — || = | = fall —_ | = | — = = — | 2 ' 
(Me C 4 = (4) (24) 4) 1 Mowe gm Ami, 


The negative sign indicates that Mç acts in the opposite sense to that shown on the free- body diagram. 


EAG 





“2 Ne. 


(2) 
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*7-8. Determine the internal normal force, shear force, 
and moment at points C and D in the simply supported 
beam. Point D is located just to the left of the 5-kKN force. 





The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. b, 


We 


== orwo = 1L.SKN/m 
1.5 


w | u 


With reference to Fig. a, 
(+2M 4 =0; By(6)- XJ- ZOXID = 0 By = 3.25 kN 


Using this result and referring to Fig. c, 


+, iF, =@ Nc =9 Ans, 
+ TX, = 0; Vo +325 ->(1.5X(1.5)-5=0 Vo = 2.875 kN Ans. 
(mc = 0; 3.25(4.5) —- = (1.5X1.5)(0.5)- X1.5)-Mc =0 Mc =6.56kKN-m_ Ans. 


Also, referring to Fig. d, 


+ TF, =0; Vp +3.25- 5=0 Vp =1.75 kN Ans, 
Q™p = 0 3.25(3)-M p Mp=9.75kN-m Ans. 


L 


Lm 





(2) 
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°7-9. The bolt shank is subjected to a tension of 80 Ib. 
Determine the internal normal force, shear force, and 
moment at point C. 








“EF, =0; Nc+80=0 No =-80lb Ans 
+TEF, =0; %=0 Ans 


CHEM =0;  Mc+80(6)=0 Me=-4801b- in, Ans 
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7-10. Determine the internal normal force, shear force, 3 kN/m 
and moment at point C in the double-overhang beam. 











A = C O00 B 
-— 1.5 4s M15 os m 


The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. b, 


ME te we =2kN/m 
3 4.5 


With reference to Fig. a, 
(msz =0; = (H4.5) 1.5-5 1.5X0.5)-A (J =0 Ay =3kN 


$ EF, =0 A, =0 


Using the results of A, and Ay and referring to Fig. c, 


+, ER, =0 Nc =0 a 
+ Î EF, =0; 3- 52X3- Vc =0 — Ane 
(Mc = 0; Mc + =(23X(1)- 341.5 =0 Mc =1.5 kN -m ee: 


ZB4ADEN ZOX) kN 
We — 3klm 


a 
ar n 


4-FM 
(b) 





(2) 
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7-11. Determine the internal normal force, shear force, 10 kN 
and moment at points C and D in the simply supported 6 kN/m 

beam. Point D is located just to the left of the 10-kN 
concentrated load. 






= B 


ae C D == 
ism 1.5m 15m ism 





The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. b, 


WCF oF we = 3kN /m 


With reference to Fig. a, 


C+2M 4 = 0; By(6)- 10(4.5)- 5(613X1)= 0 By = 9 KN 
CMa = 0: = (6X(35)+ 10(1.5)~ Ay(6)= 0 Ay =10 kN 
=F, =0 A, =0 


Using these results and refering to Fig. c, 


+ =F, = Nc =0 Ans. 

+ TF, =0; 10- =(3\1.5)- H1.5)-Ve =0 Vo = 3.25 kN Ans. 
CM = 0; Mc + X1.5\0.75)+—-(3K 1.5)(1)- 11.5) =0 Mc =9.375kKN-m_ Ans. 

Also, by referring to Fig. d, 

* =F, =0 Np =0 Ans. 

+ TF, =0; Vp + 9-10=0 Vp =1kN Ans, 
Ç» =Q 9(1.5)-Mp =0 Mp = 13.5kN-m Ans. 

| 
3 )(3) KN IOKN 
Gkallm We 
| | LSM | 
3m 





(6) 
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5 kip 





*7-12. Determine the internal normal force, shear force, 
0.5 kip /ft 


and moment in the beam at points C and D. Point D is just 
i C D m 
-_ A, _l. N ra 







to the right of the 5-kip load. 





Entire beam : 
(EM = 0; 5(6) + 6(18) --A, (24) = 0 


A, = 5.75 kip 


9IF,=0; A =0 


SIF, =0; Ne=0 Ans 

+TER =0; 5.75-3~%=0 
WV =275kp Ans 

QEM = 0: Mc + 3(3) -5.756 = 0 
Mc = 25.5kip- ft Ans 





Segment AD : 


o502)= 6KiP 5 Kip 






+ 
>I a20 Np =0 Ans 





k i 
; ! 
= 1 
i m - = 
——_— f 
a F 
5 . a 
A 
Li 
t 
| 





+I; 50; 5.75-6-5-%=0 
> = -5.25 kip Ans 
fz = 0; Mp + 6(12) - 5.75 (18) = 0 


Mp =31.5kap- ft Ans 
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e7-13. Determine the internal normal force, shear force, 
and moment at point D of the two-member frame. 














Member AB : 

ĜEM, = 0; B, (4) - 1000(2) = 0 
B, = 50N 

Member BC: 


ĢIMe =0; -= 500(4) + 225 (0.5) + B, (1.5) = 0 





B, = 1258.33 N 


Segment DB : 
ŽEF, = 0; —Np+ 1258.33 = 0 
Np = L26kN Ans 


+TIF = 0; 1- 500+ 500 20 








%=0 Ans 
GEM = 0; - Mp + 500 (1) = 0 
4 
Mp = S500 N- m Ans 
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7-14. Determine the internal normal force, shear force, 
and moment at point E of the two-member frame. 




















Member AB : £50(4)=/000N 
GEM, =0_B, (4 - 1000(2) = 0 


B, = SOON 

Member BC : 

GEMc = 0; = 500(4) + 225 (0.5) + B, (1.5) = 0 
B, = 1258.33 N 


Segment EB : 


SEF, = 0; - Ng- 1258.33 - 225 = 0 
Ne = ~ L48KN Ans 
+TEF =0; %- 50020 
k = 50N Am 
(HIM: = 0;  - Mg + 225 (0.5) + 1258.33 ¢1.5) - 500 (2) = 0 


Mg = 1000N-m Ans 
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7-15. Determine the internal normal force, shear force, 
and moment acting at point C and at point D, which is 
located just to the right of the roller support at B. 


300 Ib /ft 





200 lb/ft 200 lb/ft 













































































































E B 


saan ~~— 4 ft —~-~— 4ft 





Support Reactions : From FBD (a), 


ÇM, =0; B, (8) + 800(2) -2400 (4) - 800(10) = 0 
B, = 2000 Ib 


2004) =Bool 200M) =2A00lb r994)-2001, 


Internal Forces : Applying the equations of equilibrium to segment ED 
[FBD (b)], we have 


+ IF, =0; Np =0 Ans 


+TER=0; Vy-800=0 Vy =800lb Ans 


(+ 2M =0; -Mp-800(2)=0 
Mp =~1600 lb-ft=-1.60kip-ft Ans 


Applying the equations of equilibrium to segment EC [FBD (c)] , we have 


EF =0 Ne =0 Ans 
+TEE=0; V_+2000-1200-800=0 V-=0 Ans 

GM, =0; — 2000(4)- 1200(2) -800(6) -Me = 0 
Me = 800 Ib- ft Ans 








*7-16. Determine the internal normal force, shear force, 
and moment in the cantilever beam at point B. 


Free body Diagram : The support reactions at A need not be computed. 


Internal Forces : Applying the equations of equilibrium to segment CB, 


we have 
> IF =0; Na =0 


+ÎIE =0; W -28.8=0 V, =28.8kip 


G IM, =0; ~28.8(4)-M, =0 
My =~115 kip- ft 
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e7-17. Determine the ratio of a/b for which the shear force Wo 
will be zero at the midpoint C of the double-overhang beam. 








Support Reactions : . From FBD (a), 


Ç+ EM, = 0; 5 (2a+b) w| 5(0-a)]-4, (b) =0 
A, = = (2a+b) (b= a) 


Internal Forces : This problem requires V- = 0. Summing forces 
vertically [FBD (b)], we have 


+ TIF =0; (22+ b)(b-a)-3(a+>)(=)=0 


W 
= (2a+b) (b-a) = = (2a+b) 


a l 


B 4 Ans 





Ay zp (Zarb) (b-4) 
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7-18. Determine the internal normal force, shear force, 2 kN/m 6 kN -m 
and moment at points D and EF in the overhang beam. Point 
D is located just to the left of the roller support at B, where 
the couple moment acts. 











The intensity of the triangular distributed load at Ecan be found using the similar triangles in Fig. b. 


With reference to Fig. a, 
(+m A =Q; By(3)—2(3)(1.5)— 6- =(2X3)(4)- {2}o- 0 
By = 15KN 


Using this result and referring to Fig. c, 


+ EF, =Q {= |-Np =0 Np = 4kN Ans. 
+ TER, =0; Vp +15-Zax9-2)=0 Vp =-9KN Ans. 
Gmn = 0 “Mp - 6-1030- 3 }3)=0 Mp=-18kN-m Ans. 


Also, by referring to Fig. d, we can write 


4 
=F, =Q {<|-Ne=0 Ng = 4kN Ans. 
1 
+ T IF, =0; Ve -5(00.5)-4 2}=0 Vg = 3.75 kN Ans. 
(me = 0; -MẸ -= 1X1.5X0.5)- {2)a5 =0 Mg=-4875kN-m Ans, 


The negative sign indicates that Vp, Mp, and Mẹ act in the opposite sense to that shown on the free - body 


diagram. 
2(3) KN d ‘ay EN 
| GKN i ‘ 2 ka] 

f ies 

(om 
3m 
(b) 

SWB KN 
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7-19. Determine the distance a in terms of the beam’s 
length L between the symmetrically placed supports A 
and B so that the internal moment at the center of the 


beam is zero. 




















In this problem, it is required that the internal moment at point C be equal to zero. With reference 
to Fig. a, 


LR COA PE A E 
(2M 4 =0:; Ba- E| a+(4 IGOE 2)=0 


By = — WoL 


l 
4 
Using this result and referring to Fig. b, 


gaea peoe) 


2 
Ans. 


d = = 
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*7-20. Determine the internal normal force, shear force, 
and moment at points D and E in the compound beam. 
Point F is located just to the left of the 10-KN concentrated 
load. Assume the support at A is fixed and the connection at 
B is a pin. 


2 KN/m 10 KN 








7 re lise beet smc sm 


With reference to Fig. b, 


=F, =Q B,=0 
(+2M 5 = 0; Cy (3 - 10(1.5)= 0 Cy = 5KN 
(Mc = 0; 10(1.5)— B,(3) =0 By = 5 kN 
Using these results and referring to Fig. c, 
* =F, =Q Np =0 Ans. 
+ T IF, =0; Vp - 2(1.5)- 5=0 Vp = 8kN Ans. 
G2Mp =Q -M p — X1.5)(0.75)— 5(1.5)= 0 Mp = -9.75kN -m Ans. 
Also, by referring to Fig. d, 
TER =Q Ng =0 Ans. 
+ Î IF, = 0; Vg -10+5=0 Vg =5kN Ans. 
QmMer = 0; 5(1.5)-Mg =0 Mpg =7.5kN-m Ans. 


The negative sign indicates that Mp acts in the opposite sense to that shown in the free - body 
diagram. | 


23K By (0 KN 






Ax By 


Ms | Sm | LEM | 5m | 15m 


(a) by Cy 


(b) 
075m 2(15)kN (een 
mel E 
Ne 
LSM 
E: y= SKN 
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e7—21. Determine the internal normal force, shear force, 500 Ib 
and moment at points F and G in the compound beam. Point A E ET 
F is located just to the right of the 500-lb force, while point G ~ T 600 Ib 


is located just to the right of the 600-Ib force. 


With reference to Fig. b, 
72K, =0 D,=0 








Using this result and writing the moment equation of equilibrium about point A, Fig. a, and 
about point E, Fig. b, we have 

(+2, = 0; D,(6)— Fac (4) - 500(2)= 0 (1) 

(+2M_ = 0; 600(2)+ D,(4)— Fac (6)= 0 (2) 


Solving Eqs. (1) and (2) 
Far = 560 Ib Dy = 540 Ib 


Using these results and referring to Fig. b, 
+ TER, =0; Ey — 600— 540+ 560 = 0 Ey = 580 Ib 


Again, using the results of D,, D y and Far, the force equation of equilibrium written along 
the.x and y axes, Fig. a, 

SER =0 Ax =0 

+ ÎT IF, =0; Ay — 500- 560+ 540 = 0 Ay = 520 lb 


Using these results and refering to Fig. c, 


$ ER =Q Np =0 Ans. 
+ TER, =0; 520-500-—Vr =0 Vr =20 Ib Ans. 
(+2Mp =0; Mr — 520(2)= 0 Mp = 1040 lb-ft Ans. 
Using the result for E, and referring to Fig. d 

=F, =0 Ng=0 Ans. 
+ Î IF, =0; Vg +580=0 Vg = -580 Ib Ans. 
(2M = 0; 580(2)- Mg =0 Mg =1160 Ib-ft Ans. 


The negative sign indicates that Vg acts in the opposite sense to that shown in the free - body 
diagram. 
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7-22. The stacker crane supports a 1.5-Mg boat with the 
center of mass at G. Determine the internal normal force, 
shear force, and moment at point D in the girder. The trolley 
is free to roll along the girder rail and is located at the 
position shown. Only vertical reactions occur at A and B. 


























With reference to Fig. a, 
(+M 4 = 0; By (9) — 1500(9.81)(3.5+3)=0 B, = 10627.5N 


Using this result and referring to Fig. b, 


+ =F, =Q, Np =0 Ans, 
+ T EF, =0; Vp + 10627.5 = 0 Vp =-10627.5N =-10.6KN Ans. 
Qmp =Q 10627.(4)— Mp = 0 M p = 42510 N -m =42.5kN -m Ans. 


The negative sign indicates that Vp acts in the opposite sense to that shown on the free- body diagram. 





By SOGY.SN 
(6) 
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7-23. Determine the internal normal force, shear force, 
and moment at points D and F in the two members. 














With reference to Fig. a, 
Çm, = 0; Fac (2.008 30°) — 60(2.cos 30° +0.75) = 0 
Fac = 85.98N 


Using this result and referring to Fig. b, 


EF, =0; Np =0 Ans. 
+A EF, =0; 85.98-60-Vp =0 Vp = 26.0N Ans. 
mp =Q 85.98(1)— 60(1.75)+Mp =0 Mp=19.0N-m Ans. 
Also, be referring to Fig. c, 
+6 OF =0; Ve =0 Ans. 
+\ IF, =0; Ng -85.98=0 Ng = 86.0 N Ans. 
(mg = 0; Mr =0 Ans. 





(a) 





566 








7 Solutions 44918 1/27/09 10:38 AM Page 567 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 





*7-24, Determine the internal normal force, shear force, 
and moment at points F and F in the frame. The crate 
weighs 300 Ib. 


(15 ft ) 15ft | 15 ft | 








15 ft 
| 0.4 ft 


























4 ft 
With reference to Fig. a, 
4 
Gem, = 0 Fee Ge 300(0.4)—300(6.4)= 0 Fee = 750 1b Pa 
Referring to Fig. b, 
=F, = 0 -N g —300=0 Ng = -300 Ib Ans. 
+ TIR, =0; Veg —300=0 Ve = 300 Ib Ans. 
(+M: =0; -M g +300(0.4)— 3001.9) = 0 Mp = 450 Ib -f Ans. 
Using the result of Far and referring to Fig. c, 
LER =Q 730{ 2 |- 300- wp =0 Np = 150 Ib Ans, 
+ Î IF, =0; Ve +73i{ 2) -300=0 Vr = —300 Ib Ans, 
(+r = 0; 7314 J .5)+ 300(0.4) — 3001 4.9)— Mf =0 
Mp =—450 Ib -ft Ans. 


The negative sign indicates that Ng , Vp, and Mp actin the opposite sense to that shown in the free- body 
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e7—25. Determine the internal normal force, shear force, 
and moment at points D and E of the frame which supports 
the 200-Ib crate. Neglect the size of the smooth peg at C. 








Referring to Fig. a, 


=F, = Vp =0 Ans. 
+ Î EF, =0; Np - 200=0 Np = 200 Ib Ans. 
(+2M = 0; M p —200(4.5) = 0 M p = 900 lb-ft Ans. 

Also, by referring to Fig. b, 

t EF, =0, Vg -20f $)=0 Vg = 120 1b Ans. 

i | 4 | 

+ T EF, =0; Ne -209{ $) -200= 0 Ng = 360 Ib Ans. 
(42M = 0; Mg - 20044.5)-200{ 3 }2)= 0 M çg =1140 lb-ft Ans. 





4ft : 
Aft en 1 GEE ME 
Ne |7 Me 
8 200 Ib 
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7-26. The beam has a weight w per unit length. Determine 
the internal normal force, shear force, and moment at point 


C due to its weight. 


With reference to Fig. a, 














(+m, =0; B,(Lsind) wL oosa [ =)= 0 B, = 2 
Using this result and referring to Fig. b, 
EF’ =0; -Nc - a os0)- of £ Jsing =0 Nc =- cx Ans. 
Pos LF,’ =0; Vo -w| © lose + moss sin@ = 0 Vc =0 Ans. 
GM c= 0; ws E sing )- =)=) - =0 


2 
Mc = cos 6 


The negative sign indicates that Nc acts in the opposite sense to that shown on the free- body 


diagram. 
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7-27. Determine the internal normal force, shear force, 
and moment acting at point C. The cooling unit has a total 
mass of 225 kg with a center of mass at G. 











Z25CG-B1) N 
om | 






From FBD (a) 
Ç +EM, = 0; Ta (6)—225(9.81)(3)=0 Tp = 1103.625N 


From FBD (b) 


(+EMo =0; Tsin 30°(6)- 1103.625(6)=0 Ty = 2207.25 N | 
(a) 


SER =0; -Ne -2207.25 cos 30°=0 No 1.91 kN Ans 
+TEF,=0; W +2207.25 sin 30°-1103.625=0 W%=0 Ans 


(+EMe =0; 2207.25 cos 30°(0.2)+ 2207.25 sin 30°(3)- 1103.625(3)— Mc = 0 


Me =382N- m Ans 





(b) [=03: GZ5N 







= 2207-25N 
Me x ozm 2B 













7=/103-625N 


570 








7 Solutions 44918 1/27/09 10:39 AM Page 571 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*7-28. The jack AB is used to straighten the bent beam 
DE using the arrangement shown. If the axial compressive 
force in the jack is 5000 lb, determine the internal moment 
developed at point C of the top beam. Neglect the weight of 
the beams. 








Segment : 


(Eme = 0; Mc + 2500 (10) = 0 


Me = -23.0kip- ð Ans 








R=2500 lb 5000 Ib 2=2500|b 





R=2500 Ib 
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e7-29. Solve Prob. 7-28 assuming that each beam has a 
uniform weight of 150 Ib/ft. 








Beam : 
+TIF, = 0; 5000 - 3600 -2R = 0 
R = 700lb 


Segment : 





GEM = 0; Mc + 700 (10) + 1800 (6) = 0 


Mc = -17.8kip- ft Ans 


I50(24.)= 3600 lb 
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7-30. The jib crane supports a load of 750 Ib from the 
trolley which rides on the top of the jib. Determine the 
internal normal force, shear force, and moment in the jib at 
point C when the trolley is at the position shown. The crane 
members are pinned together at B, E and F and supported 
by a short link BH. 























Member BFG : 
(+EMa = 0; Far (=) (4) = 750 (9)+375(1) = 0 
Fer = 2656.25 lb 

MEF, 20 -B + 2656.25 (=) ~375 = 0 


B, = 1750 1b 





+TIF = 0; - B, + 2656.25 () - 750 =0 


B, = 843.75 lb 


Segment BC: 

SIF <0; Nc - 179020 N 
C 

Ne = 1.75kip Ans 


+TIF = 0; - 843.75 - & = 0 





k= -844b Ans 


Qa =0; Me + 843.75(1) =0 


Mc = -#445b-R Ams 
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7-31. The jib crane supports a load of 750 Ib from the 
trolley which rides on the top of the jib. Determine 
the internal normal force, shear force, and moment in the 
column at point D when the trolley is at the position shown. 
The crane members are pinned together at B, E and F and 
supported by a short link BH. 























Member SFG: 
Fer = 2656.25 lb 
Entre Crane : 


(aM, = 0; 1) (6) — 750(9)+375(7) =a 0 


Ta = 687.5 lb 


EF, 20; 4, - 6875-375 = 0 
A. = 1062.5 Ib 
+TIR 20; A, -75020 
A, = 750Ib 


Segment AED : 
+TLE, = 0; No + 750 - 2656.25 (=) = 0 
Np = 8441b Ans 
“ER, = 0; 1062.5 - 2656.25 ($) + % = 0 
% = 1.06kip Ans 
(+21 = 0; - My ~ 2656.25 (=) (2) + 1062.5 (9) = 0 


Mp = 1.05S kip- t Ans 
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*7-32. Determine the internal normal force, shear force, 
and moment acting at points B and C on the curved rod. 








4fEF, = 0; 400 sin30° - 300cos 30° + Ny = 0 . 
a" 
MN; = 59.81 lb = 59.8 lb Ans Dy, 
afl 
WEF, = 0; W + 400cos 30° + 300sin 30° = 0 ; P 
WOOL, 
% = —496 Ib Ans — 
(+2 Ms = 0; Mp + 400(2 sin30°) + 300(2-2 cos30°)= 0 
Ma = -480 b: Ans 
Also, 
( +EM = 0; —59.81(2) + 300(2) + My = 0 SIN 
Hoot fl T 
Mg = —480 lb: ft Ans ny ty 
SER, = 0; A, = 400 Ib 
+TEE = 0; A, = 300 Ib 
T +EM, = 0; M, — 300(4) = 0 
M, = 1200 Ib- ft Ne =i 
™ 
+\ IF, = 0; Ne + 400 sin45° + 300 cos45° = 0 
i 0 ae +— Hoo! 
Ne = —495 lb Ans att D200 
+J EF, = 0; Ve — 400 cos45° + 300 sin4s° = 0 
Ve = 70.7 1b Ans 
(HEM = 0; —Me —1200 = 400(2 sin45°) + 300(2 = 2 cos45°)= 0 
Mc = -1590 lb: ft = —1.59 kip- ft Ans 
Also, 
(rmo = 0; ~ 1200-495(2) + 300(2) ~ Me = 0 
Me = -1590 Ib: ft = -1.59 kip: ft Ans 
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e7—33. Determine the internal normal force, shear force, 
and moment at point D which is located just to the right of 
the 50-N force. 





Referring to Figs. a and b, respectively, 
(+2, = (); By (0.6 + 0.6sin30°) + B,( 0.6.c0s 30° ) — 50(0.6— 0.6c0s 30°) = 0 
—50(0.6 — 0.6.cos 60°) — 50(0.6)= 0 (1) 
4 +IM ¢ = 0; By (0.6 — 0.6cos 60°)— B,(0.6sin 60° ) + 50(0.6— 0.6c0s 30°) =0 (2) 








Solving Eqs. (1) and (2) yields 
B, = 2939 N By =37.5N 


Using these results and referring to Fig. c, 


* =F, =Q -Np — 29.39=0 Np =-29.4N Ans. 
+ Î EF, =0; 37.5-—Vp =0 Vp =37.5N Ans. 

(+=Mp =Q 37.5(0.6sin30°)— 29.39(0.6 — 0.6cos 30°)— Mp = 0 
Mp =889N-m Ans. 
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7-34. Determine the x, y, z components of internal loading 
at point C in the pipe assembly. Neglect the weight of the 
pipe. The load is F, = {—24i —10k} lb, F, = {—80i} lb, 
and M = {—30k} Ib- ft. 


Free body Diagram : The support reactions need not be computed. 


Internal Forces : Applying the equations of equilibrium to segment BC, 
we have 


EF =0; (e), -24-80=0 (V-), = 104 lb Ans 
ZF =0; N-=0 Ans 
EF =0; (VW),-10=0 (V), =10.0lb Ans 


EIM, =0; (Mc), -10(2)=0 (Mc), =20.0lb-ft Ans 


EM, =0; (Me), -24(3)=0 (Mc), =72.0lb-ft Ans 


=M,=0; (Me), +24(2)+80(2) -30=0 
(Me), =—178 lb. ft 


7-35. Determine the x, y, z components of internal loading 
at a section passing through point C in the pipe assembly. 
Neglect the weight of the pipe. Take F4 = {350j — 400k} Ib 
and F, = {150i — 300k} lb. 


EF, = 0; F. +F, +F =0 
F; = {-150i — 350j + 700k} Ib 
C, = —150 Ib Ans 
= -—350 lb Ans 
C, = 700 lb Ans 


Me + re X F + rez F; = 0 


i j k i j k 
Me + {3 2 o+ 0 2 o| =o 
0 350 -4 150 0 -300 


Me = {1400 — 1200j — 750k} lb-ft 
Me, = 1.40 kip-ft Ans 


Me 


y = —1.20 kip-ft Ans 


M- — 750 lb-ft Ans 
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*7-36. Determine the x, y, z components of internal loading at 
a section passing through point C in the pipe assembly. Neglect 
the weight of the pipe. Take F, = {—80i + 200j — 300k} Ib 
and F, = {250i — 150j — 200k} Ib. 








X 
IF, = 0; F = 
R ctE +F, 0 E. 

F; = {-1701 — 50j + 500k} Ib MA ot F2 
C, = -170b Ans 

x Fi ty 
G = -50b Ans 
G = 500b Ans 


IM, = 0; Me + ro F, + tx KF, = 0 


ij k i j k 
3 2 o |+ lo 2 o| =o 
-30 200 - 250 ~150 -20 


Mc = {1000i - 900j — 260k} Ib-ft 


Mge + 








Mo, = 1 kip-ft Ans 
Mo = 900 lb-ft Ans. 
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7-37. The shaft is supported by a thrust bearing at A and 
a journal bearing at B. Determine the x, y, z components of 
internal loading at point C. 





With reference to Fig. a, 
IM, =0 B,(3)— 9001) —'750(1) = 0 z = 350N 
2M , = 0; 750(2)+ 600(2)— B,(3)= 0 B, = 900 N 


Using these results and referring to Fig. b, 


LF, =0; (Vc), +900- 750-600=0 (Vc), =450N Ans, 
LF, =0; Nc=0 Ans. 
LF, = 0; (Vc), + 550=0 (Vc), = —-550N Ans. 
IM,=0; (Mc), +550(1.5)= 0 (Mc), =—-825N-m Ans. 
XM, =0; Tc + 600(0.2)— 750 0.2)= 0 Ic =30N-m Ans. 
2M, =0; (Mc ), + 7500.5) + 600(0.5)— 900(1.5) = 0 
(Mc), = 675N-m Ans, 


The negative signs indicate that (Vc), and (Mc ), act in the opposite sense to those shown in the 
free- body diagram. 
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7-38. Determine the x, y, z components of internal loading 
in the rod at point D. There are journal bearings at A, B, 
and C. Take F = {7i — 12j — 5k} KN. 








Support reactions: FBD (a) 


IM, =, = B,(0.4)+A,(1I)-G (0.75)-5(1)=0 (1) 





EM =0 A(1)+G(0.75)=0 (23) 

EIM =O; -B,(0.4)-A,(1)-7(1)-3=0 (3) 

IR =0 G+B,+7=0 (4) 

EF a=0 G+4-12=0 (5) 

ER=0% B+A-5=0 (6) 
Solving Eqs. (1) to (6) yields : 

G =-116KN B, =109KN A, =87.0KN 

A, =-S3.6KN C =65.6KN  B, =-82.0kN 

Negative signs indicate that the support reactions act in the opposite sense to those shown 
oa FBD (a). 

From FBD (b) 

EF, =0; (iy -116=0; (þh =116kN Ans 

=F,=0; (Np), +65.6=0; (Np), =-65.6KN Ans 
IF,=0; (%),=0 Ans 

EM, =0; (Mp): —65.6(0.75)=0; (Mo) =49.2KN-m Ans 
EM =0; (Mo) - 116(0.75)=0; (Mp), =87.0KN-m Ans 


EM =0; (Mp): -116(0.2)-3=0; (Mp), =26.2KN- m Ans 


580 








7 Solutions 44918 1/27/09 10:39 AM Page 581 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


7-39. Determine the x, y, z components of internal loading 
in the rod at point E. Take F = {7i — 12j — 5k} KN. 








Support reactions: FBD (a) 
EM, =0; B,(0.4)+4(1)-G (0.75)-5(1)=0 (1) 
EM, =0; A(1I)+G(0.75)=0 (2) 

EM.=0; -B, (0.4-4 (1)-7(1)-3=0 (3) 
EE =0; G+Be+7=0 (4) 
EF,=0; G+4-12=0 (5) 


ER = 


S 


B.+A,-5=0 (6) 
Solving Eqs. (1) to (6) yields : 
C =-116kN 8, =109kKN A,=87.0kN 
A, =-53.6KN CC =65.6kN B, =-82.0kN 
Negative signs indicate that the support reactions act in the opposite sense to those shown 
on FBD (a). 
From FBD (b) 
IF,=0; (Ne) =0 Ans 
EF,=0; (%)}-53.6=0; (W) =53.6kN Ans 


EF=0;  (%)+87.0=0; (W), =-87.0kN Ans 


EM, =0; (Me) =0 Ans 





IEM, =0; (Mg), +87.0(0.5)=0; (Me), =-43.5KN- m Ans C) 


IM =0; (Mg), +53.6(0.5)=0; (Mg),=-26.8kKN-m Ans 
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*7—40. Draw the shear and moment diagrams for the 
beam (a) in terms of the parameters shown; (b) set 
P = 800 1b, a = 5ft, L = 12 ft. 














F 
rp" a \5m 
(a) For OSx<a y x 

P l p 
+TIE =0; V=P Ans 
(+=M = 0; M=Px Ans 

For a<x<L-a 
+TIXE =0; v=0 Ans y 
| | , 

| +EIM = 0; -Px + Pix-@+M=0 ä 

M = Pa Ans 

M 
For L-a<cxsL | 
+TIE = 0; V= -P Ans 
| +=M = 0; — M+ P(L-x) = 0 4 | 
— Sm ey 
M= P(L-x) Ans Soo V E 5 
soon, y“ 
(b) Set P = 8001ib, a=S5f§, L=12f 
mV 
For Os x < 5 tT lan2 
+TXE =0; V = 800 Ib Ans ole 
(+=IM = 0; M = 800x Ib-ft Ans Bool gooit 
For S <x <7ft | 
re | 
, i t 
+TiF =0; V=0 Ans $004k gODLL 
Sft oat’ Si 


| +M = 0; — 800r + 800(x-5) +M=0 y(t) | 


M = 4000 lb-ft Ans 
For Ti <x s 12ft 


+TIE =0; V = —800 Ib Ans 


t +5M = 0: — M+ 800(12—x) = 0 





M = (9600 — 800x) lb-ft Ans 
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e7-41. Draw the shear and moment diagrams for the | 


simply supported beam. 








~ 2m — 





4m >= 


Since the loading discontinues at the 9- kN concentrated force, the shear and moment equations must be written for the 
regions 0 < x<4mand4m <x < 6 m of the beam. The free - body diagrams of the beam's segment sectioned through 
the arbitrary points in these two regions are shown in Figs. b and c. 


Region 0 < x <4 m, Fig. b 
+ Î IF, =0; 3-V=0 V =3kN (1) 
(+2M = 0; M -3x=0 M ={3x}kN-m (2) 


Region 4 m < x <6 m, Fig. c 
+ T IF, =0; V+6=0 V =-6kN (3) 
(+2! = 0; 6(6- x)- M =0 M ={36~6x} kN -m (4) 


The shear and moment diagrams in Figs. d and e are plotted using Eqs. (1) and (3), and Eqs. (3) and (4), respectively. 
The values of the moment at x = 4 m are evaluated using either Eqs. (2) or (4), 


MI, -4m = X4) =12 KN -mor M| 4m = 36-6(4)= 12kN -m 
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g kN 





mM Y 
C) 4mm X<GmM | 
G 


-X 
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8 ft 





7-42. Draw the shear and moment diagrams for the beam 
ABCDE. All pulleys have a radius of 1 ft. Neglect the weight 
of the beam and pulley arrangement. The load weighs 500 Ib. 





























Support Reactions : From FBD (a), 


(+2M, =% —E,(15)-$00(7)-500(3)=0 £, = 333.33 ib 
+TER =0; A,+33333-500=0 A, = 166.67 ib 





Shear and Moment Diagrams : The load on the pulley at D can be 
replaced by equivalent force and couple moment at D as shown on FBD (b), 





Ft 
Aylo6-67 Soo b, Ey =333331b 


1000 1b = 500 1b M(Ib-ft) 





* | (b) 
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7-43. Draw the shear and moment diagrams for the 2kN/m 
cantilever beam. 














The free - body diagram of the beam's right segment sectioned through an arbitrary point shown in Fig. a will be used 
to write the shear and moment equations of the beam. 


+ TX, = 0; V-A2-x)=0 V ={4—2x} kN (1) 
+iM = 0; -M -22-x) 52-x)|-6=0 M ={-x? +4x-10}kN-m (2) 
The shear and moment diagrams shown in Figs. b and c are plotted using Eqs. (1) and (2), respectively. The value of the 


shear and moment at x = 0 is evaluated using Eqs. (1) and (2). 
Vio = 4-—2(0)=4kN 


M| -o =[-0+4(0)— 10] = -10kN -m 


IK) 22X) 





V(KN) 





(C) 
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*7—44. Draw the shear and moment diagrams for the 
beam (a) in terms of the parameters shown; (b) set 
My = 500N-m, L = 8m. 




























(a) os:<3 


LTI; 20; -2-Vva0 
Mo 
=-— Ans 
v= -7 
(EM = 0; M+ 2x =0 
Ma-s Ans 
Z <xsL 
+tIĘ a0% -vao 
Mo 
Va =- — # Ans 
-mo 
(HEM = 0; M+ Bh x- mM =0 


M = Mo (1- =) Ans 


(>) When My = SOON: m andl = 8m 
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e7—-45. If L = 9m, the beam will fail when the maximum 
shear force is Vmax = 5 KN or the maximum bending 
moment is M max = 22 KN » m. Determine the largest couple 
moment M, the beam will support. 


(a) Oss< = 


LTI; 20; -“2-Vva0 


Mo 
V = L 


(EM = 0; M+ 2x =0 
Mo 


M=-7* Ans 


Z <xsL 


Tin a0% -vao 
Mp 

Va-— Ans 
=-T 

(FEM = 0 M+ Bh s- Mo =0 


M = Mo (1-5) Ans 


(b) When M, = SOON: m, andl = 8m 


ha = T $= 2; My = 45kN. m 
Mas = 2: 22 —, M, = 44kKN- m 
Thus, 
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7—46. Draw the shear and moment diagrams for the 
simply supported beam. 











—i— —}— 


Since the loading is discontinuous at the midspan, the shear and moment equations must be written 
for regions 0 < x <L /2and L/2 <x < Lof the beam. The free - body diagram of the beam' s segments 
sectioned through arbitrary points in these two regions are shown in Figs. b and c. 


Region 0 < x < = Fig. b 


+ TX, = 0; =wol —wox-V=0 V=wq gL -x) (1) 
ee : x 3 M wo 2. 
+2M = 0; M +w F -grola) =0 M = = eae ) (2) 


Region L /2 <x < L, Fig.c 


L 
+ Î EF, =0; V+ =0 y=—70 (3) 
(+m = 0; “O° (L-x)-M =0 M = Zo- x) (4) 


The shear diagram is plotted using Eqs. (1) and (3). The location at where the shear is equal to zero can be 
obtained by setting V = 0 in Eq. (1). 


0= wo SL -x E SI 
8 | 8 
The moment diagram is plotted using Egs. (2) and (4). The value of the moment atx = aL (V = 0) can be 
evaluated using Eq. (2). 


| 2 
M|_3,=— wu 21)- {21 wip? 
air "g| N83 J (3 128 


The value of the moment at x = L/ 2 is evaluated using either Eqs. (3) or (4). 


2 
i -tor -5)- woL 
> 8 
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wlz) 





Wa 
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7-47. Draw the shear and moment diagrams for the 300 N/m 
simply supported beam. 














The free - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used 
to write the shear and moment equations. 


+T IF, =0; 525-300- V =0 V ={525— 300x}kN (1) 
+IM = 0; m +3004 2). 525x- 300=0 M ={—150x? + 525x+ 300}N -m (2) 


The shear and moment diagrams shown in Figs. cand d are plotted using Eqs. (1) and (2), respectively. The location 
where the shear is equal to zero can be obtained by setting V = 0 in Eq. (1). 
0 = 525- 300r x= 1.75m 


The value of the moment at x = 1.75 m (V = 0) can be evaluated using Eq. (2). 


M| 75m =~ 1501-752) + 521.75) + 300 = 759N -m 
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300(4) N 





(A) 


Xem ) 





E) 
MW-m) 


Xem) 
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*7—48. Draw the shear and moment diagrams for the 8 kN/m 
— iY 
a - 


| 
B ——2 
is 4m 2m | 











Osx<5m: 
+TIF z0 25-<2x-V=0 


V=25-2 
QEM = 0; M+ 2a(31) -252 =0 


Ma25Sr- r 





S5m<x5 10m: 


+TZR=0; 25-10-V 20 





at 
Væ -7.5 sls 
Gum =% M+10%@-25)-252 =0 Sm te 
M = -—7.5x + 25 
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e7-49. Draw the shear and moment diagrams for the 
beam. 





Osx<5m: 
+TIF, zt 25-24r-V aù 


V2i25<-25 


(zm =0; M+ 2x(; +) -25220 


M=z25x-3x ` 
S§m<x< 10m: 
+TER =% 25-10-V =0 
Va -7.5 
GEM = 0; M + 10(e-2.5)-252- 50 =0 


Ma - 7.52 + 75 





2(5)=/0 KN 








M(KN-m) 


X(m) 
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250 lb /ft 


7-50. Draw the shear and moment diagrams for the beam. 





| +EM, = 0; — 5000( 10) + B,(20) = 0 
B, = 2500 Ib 

IF = 0: A, = 0 

+TIF = 0; A, — 5000 + 2500 = 0 
A, = 2500 Ib 


For Os x S 20Tt 
+TIF = 0; 2500 - 250x - V = 0 


V = 250(10-x) Ans 


t +EM = 0: ~2500(x) + 150 + 250x(5) +M=0 





M = 25(100x — 5x’ - 6) Ans. 
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7-51. Draw the shear and moment diagrams for the beam. 1.5 kN/m 





+TEF = 0; 0.75 - = 2(0S3)-V =0 





Viky) 
V = 075 - 0.25x" 
V = 0 = 0.75 - 0.252 ors 
xe 1.732 m i732 3 "i 
hu =% M+ (5) (0.5.x) (x) (3) -075x = 0 
- 1.50 
M = 0.75 x - 0.08333 x M (ddum) 


Mees = 0.75 (1.732) - 0.08333 (1.732)? = 0.866 
ET 
K 
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*7-52. Draw the shear and moment diagrams for the 150 lb/ft 
simply supported beam. 
a lb - ft 


B 





F 











. 12 ft - 


The free - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used 
to write the shear and moment equations. The intensity of the triangular distributed load at the point of sectioning is 


w= is =) = 12.5x 
12 


Referring to Fig. b, 


+ T IF, =0; 275 -512.5 yx) - V=0 V ={275- 6.25x? }lb (1) 
(+ =0; M +5(12.5x |>] -275x = 0 M ={275x —2.083x7}1b-ft (2) 


The shear and moment diagrams shown in Figs. cand d are plotted using Eqs. (1) and (2), respectively. The location 
where the shear is equal to zero can be obtained by setting V = 0 in Eq. (1). 


0 = 275- 6.25x" x= 6.633ft 


The value of the moment at x = 6.633 ft (V = 0) is evaluated using Eg. (2). 
M| x1=6.633 ft = 274 6.633) — 2.083(6.633)” = 1216 lb-ft 
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+ (15012) Ib 





Ay=279 lb Oy= GRS Ib 
(A) 


LALO 
43 
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e7-53. Draw the shear and moment diagrams for the beam. 30 lb/ft 






180 lb - ft 











. 9 ft L 4.5 ft — 


333K 
0sx<9ft: x Jm 
, y 
+TER =0; 25 ~5(.33)@)-V =0 25¢b 
1351, 


V=25- 1.6672 Ans 
V=0= 25 = 1.6672 


x= 3.87f 
l x 
GEM = 0; M+ = G.339@) (7) - 25x =0 


M=25x-0.5556x Ans 
Mpa = 25 (3.87) — 0.5556 (3.87) = 64.5 b. ft 
9 ft<x< 13.5 ft: 
+TER =0; 25-135+110-V =0 
V=0 Ans 
GEM = 0; — 25x + 135 œ- 6)- 110(¢-9)+ M =0 


M = — 180 Ans 
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7-54. If L = 18 ft, the beam will fail when the maximum 
shear force is Vmax = 800 lb, or the maximum moment is 
M max = 1200 lb - ft. Determine the largest intensity w of 
the distributed loading it will support. 











A 
For O<x*<L 
wa L 
mr 2E 
wx? - = p” 
{+EM =0; M=- V 
-wL 
Vaur = -37 
—w{ 18) 
= 0 = 3 
w = §8.9 Ib/fi 
L? 
Moar === 





— 1200 = IZO 
6 


w = 22.7 Ib/fl Ang 
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7-55. Draw the shear and moment diagrams for the beam. 4 kip/ft 








Support Reactions : From FBD (a), 


+=IM, = 0; M, -—48.0(12) =0 M, = 576 kip- ft 
+TIF =0; A,-48.0=0 A, =48.0kip 





Shear and Moment Functions : For 05 x < 12 ft [FBD (b)], 


x? 
+TIE = 0; M0-—=V=6 






x 
v={40-=} kip Ans 
6 Ay» 46.0 kip 
xix 
C-2M = 0; M+—(=)+ tient Ma5% A| 
M= fagor -E s78} xip-t Ans 


For 12 ft<x S24 ft [FBD (c)], 


+T EF, =0; V- 5| 524-2) Joa =0 





VOKi 
v= fz 04-0} ip Ans (kip) 
480 
irl l4-x 24.0 
(+M = 0; -3504-0 2s-n/ i )-m=0 
l , x(t) 
M= {sa} kip- ft Ans Q F? 24 
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*7-56. Draw the shear and moment diagrams for the 300 Ib 


200 Ib /ft 
cantilevered beam. 











The free - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used 
to write the shear and moment equations. The intensity of the triangular distributed load at the point of sectioning is 


w= 200 =} = 3333 
6 


Referring to Fig. 5, 
+T ZF, = 0; —300- = (33.33%)(2)- V=0 V ={-300 - 16.67x7} Ib (1) 
fem =0; M +5.63.330)69{ 3} +300: =0 M ={-300r- 5.556x° } Ib-ft (2) 


The shear and moment diagrams shown in Figs. cand d are plotted using Eqs. (1) and (2), respectively. 
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3001b + (2004) |b 





X (ft) 





shear diagram ~ 700 
Mlb ft) (C) © 


LR) 


-3000 
Moment diagram 
(d) 


Zoolk s (33,33) X 
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e7-57. Draw the shear and moment diagrams for the 
overhang beam. 














Since the loading is discontinuous at support B, the shear and moment equations must be written 
for regions 0 < x <3 mand 3 m <x < 6 m of the beam. The free - body diagram of the beam' s segment 
sectioned through an arbitrary point within these two regions is shown in Figs. b and c. 


Region 0 < x <3 m, Fig. b 


T 1/4 _ 2 2 
+ TF, =0; -1-4(4;}2)-v=0 v=l-2, = } i (1) 


=0: Mee ~x ky) 2 le are -J2,3 } 
(ra 0, m+t{4x)o{ Z}+ar=0 m=] >* -Ax bN -m (2) 


Region 3m < x <6 m, Fig. c 


+ Î FF, =0; V-46- x)=0 V ={24-4x}kN (3) 


GM = 0; -M -4(6- f 36- »|=0 M ={-X6-x)?}kN-m (4) 


The shear diagram shown in Fig. d is plotted using Eqs. (1) and (3). The value of shear just to the left and just to the 
right of the support is evaluated using Eqs. (1) and (3), respectively. 


--2(32)-4= 
VI 3 m- 7736 )-4 =-10kN 
Vl -3m = 24-43) =12kN 


The moment diagram shown in Fig. e is plotted using Eqs. (2) and (4). The value of the moment at support B is 
evaluated using either Eq. (2) or Eq. (4). 


-23 - 
MM, 23 m =~ GO )-43)= ~18KN -m 
= | 
= 2(6~ 32 = — 
M| -3 m = 26-9 = —18KN -m 
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2Wo 


7-58. Determine the largest intensity wọ of the distributed 
load that the beam can support if the beam can withstand a 
maximum shear force of V mnax = 1200 1b and a maximum 
bending moment of M max = 600 Ib - ft. 




















Since the loading is discontinuous at the midspan, the shear and moment equations must be written 
for regions 0 s x <6 ft and 6 ft <x £ 12 ft of the beam. The free - body diagram of the beam' s segment 
sectioned through the arbitrary point within these two regions are shown in Figs. b and c. 


Region 0 < x s6ft, Fig. b 


+ Î FF, =0; 7.5Wo — Wox-V = 0 V = wo(7.5— x) (1) 
(Qm = 0; M +wor{ =) -75wox=0 M =—2Use— x?) (2) 


Region 6ft < x < 12ft, Fig. c 
+ T EF, =0; 10.5wọ —2w9(12—x)+V =0 V = wo (13.5 —2x) (3) 


(m =0; 10.5wo(12 -x)-2wo(12- 2) 212 -x)| -M=0 


M = wol-x? +13.5x-18) (4 


The shear diagram shown in Fig. d is plotted using Eqs. (1) and (3). The value of the shear at x = 6 ft is evaluated 
using either Eq. (1) or Eg. (3). 
Vice = W0(7-5—6) =1.5w0 


The location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (3). 
0 = wo(13.5- 2r) x= 6.75ft 


The moment diagram shown in Fig. e is plotted using Eqs. (2) and (4). The value of the moment atx = 6 ft is evaluated 
using either Eqs. (2) or (4). 


z0 ~~ ż)= 
Mlin = -3 156- 6°) = 27wo 


The value of the moment at x = 6.75 ft (where V = 0)is evaluated using Eq. (4). 


Ml, 695% = wo|-6.75” + 13.46.75) — Ig = 27.5625 


By observing the shear and moment diagrams, we notice that V,,4, = 10.5wġ and M max = 27.569. Thus, 
Vnax = 1200 = 10.5wọ 
wo = 114.29 lb-ft 
M max = 600 = 27.56 wọ 
wo = 21.8 lb/ft (control! ) Ans, 
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w3 (6) ZWolé) 






0<xX<Gft Cb) 


2Wo(/2-X) 


x Gt? 


(e) 
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7-59. Determine the largest intensity wọ of the distributed 
load that the beam can support if the beam can withstand a 
maximum bending moment of M max = 20kN:-m and a 
maximum shear force of V nax = 80 KN. 











Since the loading is discontinuous at support B, the shear and moment equations must be written 
for regions 0 < x < 4.5 m and 4.5 m < x <6 m of the beam. The free - body diagram of the beam' s 
segment sectioned through the arbitrary points within these two regions are shown in Figs. b and c. 


Region 0 < x < 4.5 m, Fig. b 
+ T EF, =0; 2.167w9 — wox-V =0 V = wo(2.167- x) (1) 


(+m =0; M twolž) ~2.167wgx = 0 = M=w0(2.167x -0.5x2) (2) 


Region 4.5 m < x <6 m, Fig. c 


i _l|{6-x ai _ WO re n2 
+ Î IF, 0; V All 3 Joos x)=0 V= 3 (6— x) (3) 





-o -m L| &=* a Pee 
(+2! = 0; M All = Jole 036 »|=0 





M =--2(6-x)° (4) 


The shear diagram shown in Fig. d is plotted using Egs. (1) and (3). The value of the shear just to the left 
and right of support B is evaluated using either Eq. (1) or Eq. (3), respectively. 
V| 4.5m = W0(2-167— 4.5) = -2.333w0 


sa 2 _ 
a 3 (6- 4.5)" = 0.75 wo 


The location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (1). 
0 = wo(2.167— x) x = 2.167 m 


The moment diagram shown in Fig. e is plotted using Eqs. (2) and (4). The value of the moment atx = 2.167 m 
(V = 0)is evaluated using Eq. (2). 


M|,=2.167m = ¥0|2-167(2.167)— 0.5(2.1677)] = 2.347 


The value of the moment at support Bis evaluated using Eqs. (2) or (4). 


wo 3 
M| 4sm =--7 (6-4.5) = -0.375w9 


By observing the shear and moment diagrams, we notice that Vnax = 2.333wọ and M max = 2.347wọ . Thus, 
Vmax = 80 = 2.333wọ0 
wo = 34.29kN /m 
M max = 20 = 2.347 wo 
wo =8.52kKN/m (control!) Ans. 
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Ult) ZNS) 





05m 


Ay=2-/67W, = 3.083 We 
d ay 


0SX<4-5mM (b) 





Ay= 2-67 Ww, 


i 1p (SS) (6-0) 





(C) 4.5m LX SGMm K 





(e) 
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*7—60. Determine the placement a of the roller support B 
so that the maximum moment within the span AB is 
equivalent to the moment at the support B. 




















a L > 
Since the loading is discontinuous at support B, the shear and moment equations must be written 
for regions 0 £ x <a and a < x SL. The free - body diagram of the beam' s segment sectioned through 
the arbitrary points within these two regions are shown in Figs. b and c. 
Region 0s x <a, Fig. b 
+ TF, =0; 2 CaL -1?)- wor-V =0 V = 52(2aL ~ L - 2ar) (1) 
(+m = 0; M iwo =) -"0(2ab- 12 y= 0 M = —2((2aL -L° x -ax ?] (2) 
2) 2a 2a 
Regiona <x < L, Fig. c 
+ T EF, = 0: FV- woll- x)= 0 V = wo(L- x) (3) 
(m =0; -M -wo(L -*] 50 -»|=0 M =- —x)? (4) 
The location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (1). 
| pa 
0 = 20 (rar — 1? — 2ax) r= L-i 
2a 2a 
The maximum span moment occurs at the position at which V = 0. Thus, using Eq. (2), we obtain 
2 
wo] _p2| 2aL -L? |_| 2aL-L? |) |_ wo 2} 
(Myon ) ax = Za | CEE Ea Boe = So (2at-27) 
The support moment at B is evaluated using Eq. (2). 
_ Wo r _f*\7. ao] 0 -T2 ati Ory a 
a = 52 [CaL L*)a-a j= 2a. L? ~a?)=-=2(L— a) 
The support moment at B can also be computed from Eg. (4). 
wo 
M support = ~—5-(L — a)” 
Here, we require KM max )span | = [M support | Thus, 
0 (2a - 12)? = “2 (L -a)* 
Ba? 2 
Ans. 


g.: 
Ey 
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°7-61. The compound beam is fix supported at A, pin 500 Ib /ft 
connected at B and supported by a roller at C. Draw the 
shear and moment diagrams for the beam. 

















The support reactions atA and C and the interaction force at pin connection B are indicated on the 
free - body diagram of members AB and BC of the compound beam shown in Figs. a and b. Since the 
loading is continuous through the entire beam and the interaction force at the pin connection at B is 
internal to the beam, the shear and moment equations can be described by a single function. The 

free - body diagram of the beam' s left segment sectioned through an arbitrary point is shown in Fig.c. 


By referring to Fig. c, we have 


+ T IF, =0; 3000 — 500x -V = 0 V = {3000— 500x} Ib (1) 
(m =0; M +d ž)+ 6750- 3000x = 0 M ={3000x — 250x? — 6750} Ib- ft (2) 


The shear and moment diagram shown in Figs. d and e are plotted using Eqs. (1) and (2), respectively. The 
location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (1). 
0 = 3000 — 500r x= 6ft 


The value of the moment at x = 6 ft (V = 0) is computed using Eq. (2). 


7 ~ 250 62 )— 6750 = 
M| -5 p = 3000(6) — 250( 6°) — 6750 = 2250 Ib -ft 
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500(6) Ib 









| ft 
By =/500 /b G =/$00 |b 
(by : 


x 


M,2= 6750 lb-ft 


VClb) 





MIb fe) 
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7—62. The frustum of the cone is cantilevered from point 
A. If the cone is made from a material having a specific 
weight of y, determine the internal shear force and moment 
in the cone as a function of x. 


Using the similar triangles shown in Fig. a, 





ut ui) 
airy A 
L L+L' 
aS Belk 
ro 2ro 


Thus, the volume of the frustrum of the cone shown shaded in Fig. ais 


V 


2 
52a] (L+ x)-3m?L 


-2 fas x)? -L) 


The weight of the frustrum is 


W=W= re (us xp -L?) 


The location X of the center of gravity of the frustrum is 


2 
T0 J =e 
“| w+) +2) 4(L+2)| 570 





_ (L+x)*- 1D (404L) 
(L+ x -L3 


= 
3 





“Tl 
li 


Zoja +x)? -L°] 


Using these results and referring to the free - body diagram of the frustrum shown in 


Fig. b, 
2 
+ TEF, =0; yA (+x -13]=0 
3L? 


v= ERE Le a -L)] Ans. 


g H- 3 j S +x)t —L3(4x+ 2. 0 
AKL +x -L] 





GM = 0; -ma aa 





M=- mro? g +x)* -L3 (4x+ L) Ans. 


121? 
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7—63. Express the internal shear and moment components z 
acting in the rod as a function of y, where 0 = y S 4ft. 








4 Ib /ft 





Shear and Moment Functions : 
IF = 0; Vv, =0 Ans 


EF =0; V,-4(4~y)-8.00=0 
V, = {24.0- 4y} lb Ans 


IM,=0; M, -44 -y) (F2 )- 8014-7) =0 





M, = (2y" -24y + 64.0} Ib- ft Ans 
EM, =0; M,-8.00(1)=0 M, =8.00lb-ft. Ans 
IM, =0; M, =0 Ans 
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*7-64. Determine the normal force, shear force, and 
moment in the curved rod as a function of 0. 





Fa = ['wird6) cond = -wr sind 


Fry = [ wir de) sino = - wr(l— cosé@) 





JZE = 0; V- (wr sin@)cos@ — rw(1-cos6)sind = 0 
V= wr sind Ans 

A IF, =0; N+ (wrsind)sin® - rw(l—cosd)cos8 = 0 y 
N = wr (cos -1) Ans 9 9 

(+EMo = 0; wr(cos@-1)r-M=20 | Frese 


M = wr(cos8-1) Ans 
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e7-65. The shaft is supported by a smooth thrust bearing 600 Ib 
at A and a smooth journal bearing at B. Draw the shear and 400 Ib 

300 Ib 
moment diagrams for the shaft. 


| | 
| 4 
4001b Goolb i -—2 ft | aa 











=i 











Shear diagram 
(b) 


x Ftd 





Moment diagram 
CC) 
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7-66. Draw the shear and moment diagrams for the 
double overhang beam. 














—/0 —/0 


moment diag raw 
(c) 
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7—67. Draw the shear and moment diagrams for the 18 kN 
overhang beam. 


6 kN 


| 
IB KN G KN 





1) 
e B 

M=10kN: 
=e += 2m J. no j 








XCm ) 





-4:5 
shear diag ram 
(b) 








Momont diag ram 
(c) 
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*7-68. Draw the shear and moment diagrams for the 4kN 
simply supported beam. 


A KN 





shear diagram 


b 
M(CKA-m) e 


XCM ) 


6 





moment diagram 
a) 
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10 kN 


e7-69. Draw the shear and moment diagrams for the 10 kN 
simply supported beam. 








/OKN —/OKN 





Shear diagram 
(b) 


MC kNm) 


xm) 





Moment- diagram 
(Cc ) 
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7-70. Draw the shear and moment diagrams for the beam. 
The support at A offers no resistance to vertical load. 


E ev 


P P 




















walt 
volts 





Shear diag ram 





Moment Liag fam 
CC) 
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7-71. Draw the shear and moment diagrams for the lathe 60 N 80 N100N 
shaft if it is subjected to the loads shown. The bearing at A is 
a journal bearing, and B is a thrust bearing. 
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*7-72. Draw the shear and moment diagrams for the beam. 


25 kal 2 knim 


n 
TAT 
K Vos) 


zÍ 











e7-73. Draw the shear and moment diagrams for the 4kN 
shaft. The support at A is a thrust bearing and at B it isa 2kN/m 
journal bearing. 








osm 


4kN 
2 kM/m 


1.76 kN JAA kN 


m 0.8 m (0.2 m 
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7-74. Draw the shear and moment diagrams for the beam. 











Support Reactions : 


(+ EM, =0; D, (3) = 8(1) ~8(2) — 15.0(3.5) - 20 = 0 
D, = 32.167 kN 
+TEE =0; 32.167-8-8-15.0-A, =0 
A, = 1.167 kN 
V CKN) 
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7-75. The shaft is supported by a smooth thrust bearing at 500 N 


A and a smooth journal bearing at B. Draw the shear and 
300 N/m 


pN muan 


1.5 m 





B 





1.5 m 











xm) 





Shear diagram 
Co) 


M(N-m) 





[5 3 


moment diagram 
(Cc) 
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*7-76. Draw the shear and moment diagrams for the beam. 10 kN 











Support Reactions : 


(+2é@,=0; B, (10)-10.0(2.5)-10(8)=0 B, = 10.5KN 
+TER =0; A,+10.5-10.0-10=0 A, =9.50kN 


VCK) 


2(5)210-0 KN (0 KN 





MCKA-m) 


°7-77. Draw the shear and moment diagrams for the 100 lb/ft 
shaft. The support at A is a journal bearing and at B it isa 300 Ib « ft 
thrust bearing. B a) 


=— 1 ft | 1 L = 
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7-78. The beam consists of two segments pin connected at 
B. Draw the shear and moment diagrams for the beam. 











1506) Ib 





700 bp. = H ee 
Ay =1016-67 1b By=3/6-671b Cy" 50323 Ib 


= 


9400 Ib-ft 
Vib) 
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7-79. Draw the shear and moment diagrams for the 300 Ib 200 Ib /ft 
cantilever beam. 
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10 KN 


*7-80. Draw the shear and moment diagrams for the 
simply supported beam. 











Since the area under the curved shear diagram can not be computed directly, the value of the moment at x = 3 m 
will be computed using the method of sections. By referring to the free - body diagram shown in Fig. b, 


l 
(P = 0; Mg m + (1H 203) = 0 M23 m = 45KN-m 


/OKN 


EUO) KN 
HUONG) KN 








Cb) 
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e7-81. Draw the shear and moment diagrams for the 2000 Ib 


beam. 


500 lb/ft 





2000 \b 














7-82. Draw the shear and moment diagrams for the beam. 





Support Reactions : 

L\ woL/4k 
+IM,=0; 8, (L)-w (3)-“s(+ 7 
¢ A y ü 3 7 \3 0 

 [Wol 
+TEE =0; A, +e wo- eE a 

= web | 

4, 3 
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7-83. Draw the shear and moment diagrams for the beam. 


3(8)(3)=12 KN 








xm) 
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*7-84. Draw the shear and moment diagrams for the beam. 20 kN 
40 kN/m 


enaA B DATE 
. Sa L ~ 150 kN - 





= 











: ! 
vce) 


1 33.75 


Xim) 


—| 34.25 
NM CN van 


pc K Co) 
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e7-85. The beam will fail when the maximum moment 
is M max = 30 kip: ft or the maximum shear is V max = 8 kip. 
Determine the largest intensity w of the distributed load the 


beam will support. 








Va = 4w; 8 = 4w 
w = 2 kip/ft 
Moo =~6w; -30 = —6w 
w = 5 kip/ft 


Thus, w = 2 kip/ft Ans 
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7-86. Draw the shear and moment diagrams for the 


compound beam. 














i E 
VéhN) | | 
d 


f 
I 
. 


25 | 


i 
i 


ee ete ll Ti ee = . 
SS A Ta es hh a cas "haai leche E a A 
F h Se a Ea 
son nnan xX 
I 


-25S | 


N 
A 


EE, sri Ee ey eee 
= 
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7-87. Draw the shear and moment diagrams for the shaft. 2kN/m 


The supports at A and B are journal bearings. 
B 
|a a 450 mn 


00 mm 





A 


212000) (0.3) 2000(06) (2000)(0:45) 
JOON 1200 N 4GON 


+TEF 20; 1022.2-}(2000)(0.3)- W., =0 
Ws =722N 
GC +EM=0; Mo. +$(2000)(0,3)(0. 1) - 1022.2(0.3) = 0 


Mo; = 277 N- m 








Ary=l022 “a N 


VA) 


xm) 


-928 





M(AN-m) 


Xm) 
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*7-88. Draw the shear and moment diagrams for the beam. 5 kip /ft 


15 kip - ft C i 15 kip - ft 
ae D p 


( A a —_ = 
B | 10 ft | _ 














Support Reactions : From FBD (a), 


(+=M, =0; B, (10) +15.0(2)+15 
~ $0,0(5) - 15.0(12) - 15 =0 
B, = 40.0 kip 
+TEF=0; A, +40.0-15.0-50.0-15.0=0 
A, = 40.0 kip 


Shear and Moment Diagrams : The value of the moment at supports 
A and B can be evaluated using the method of sections [FBD (c)]. 


(+24 = 0; M+15.0(2)+15=0 M=-45.0kip-ft 








M (kip: ft) 
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e7-89. Determine the tension in each segment of the 
cable and the cable’s total length. Set P = 80 Ib. 











om FBD (a) 
(EM, =0; Tao cos 59.04°(3)+ Tap sin $9.04°(7)~ $0(7) - 80(3) = 0 
Tap = 78. 188 Ib = 78.2 Ib Ans 


SIF 20; 78.188 cos 59.04°-A,=0 A, = 40,227 lb 


+TIF, =0; A, +78.188 sin 59.04°-80-50=0 A, = 62.955 lb 








Joint A: 
>EF,=0; TMecos¢-40.227 =0 (1) 
+TER, 20;  -Tcsing+62.955=0 (2) a | A 
Solving Eqs.(1) and (2) yields : As40-227 1 KG 
$= 57.42° i 
Thc = 74.7 ib Ans 
Joint D : 
ŽEF, =0; 78.188 cos 59.04° -Tep cos@ = 0 (3) 
+TIF 20; 78.188 sin 59.04° -Tep sind -50 20 (4) 
Solving Eqs. (3) and(4) yields : 
9 = 22.96° 
Ten = 43.7 Ib Ans 501b 
Total length of the cable: 7 ——>—— + —4$_4 > 5.7 AmS 
sin59,04° " cos22.96°  cos57.42° 
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7-90. If each cable segment can support a maximum tension 
of 75 lb, determine the largest load P that can be applied. 











(EM, 20: - Tap (cos 59.04°) 2 + Tan (sin $9.04°) (10)- SOC) - P (3) = 0 
Tao = 0.39756 P + 46.383 
ÞEIR =ù -A +Tpcos 59.04 = 0 
+TIF; =0; A -P -50+ Tao sin 9.09 = 0 
Assume maximum tension is in cable BD. 
To = 75b 
P a 71.98 b 
A, = 38.59 b 
A, = 51.610 b 
Pin A: 


Tic = 74 (38. + (57. = 69.39 ib< 753b OK 


fa m (Z) = 56.21° 


Jomt C: 


EF, =0; Tep cos ~ 69.39 cos 56.21° = 0 

+ÎIF =0; Tpsng+ 69.39 sin $6.21° - 71.98 = 0 
Teo = 41.2 < 75b OK 
$= 203° 


Thus, P=72.0 Ans 





7 98 Ib 
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7-91. The cable segments support the loading shown. 
Determine the horizontal distance xp from the force at B to 


point A. Set P = 40 lb. 























(im, =0; -Tep cos 33.69°(13) - Tep sin 33.69°(3) + 60( 13) + 40(5) = 0 
Tep = 78.521 Ib 
EF, =0;  40+60-78.521 cos 33.69°~A, =0* 


A, = 34.667 lb 


A, = 43.555 Ib 
Jom A: 
+ EF,=0:;  Tgcos@~34.667 =0 (1) 
+TIF, =0; 43.555-Tysind =0 (2) 


Solving Eqs.(1) and (2) yields : 
@=51.48° 


Ta = 55.67 lb 





= 3,98 ft Age 





5 
me = tan 51.48° 
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*7—92. The cable segments support the loading shown. 
Determine the magnitude of the horizontal force P so that 
AR 6 ft. j 
5ft 
i 
8 ft 
H 
2 ft 











Ç EMp =0; Tp cos 39.81°(10)+ Tg sin 39.81°(6)— 60(2)— P(10) = 0 


11.523% a — LOP = 120 (1) 
Joint B : 
4. EF-=0; Tacos 19.25°-Psin 69.44° =0 (2) 
Solving Eqs.(1) and (2) yields : 
P = 84.0 lb Ans 
Tag = 83.32 lb 
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e7—-93. Determine the force P needed to hold the cable 
in the position shown, i.e., so segment BC remains 
horizontal. Also, compute the sag yg and the maximum 
tension in the cable. 
































Joint B : 
4 
SEF =0 The - -ha = 0 
Vy + 16 
+TER =0, ~is -4=0 
JA + 16 
ys Tac = 16 (1) Tas 
Joint C: y B 
Tg 
© 
4+ EF, = : =p - he = 9 (2) 
JOs - 3)? +9 
-3 4thn 
+TEF, = 0; L Tep ~P = 0 





vOs -37 +9 
Qe -3)Bbe = 3P (3) 
Combining Eqs. (1) and (2): 


3 16 


eae | 
Jo -3 +9. Ye 


Join D: 


ZF, = 0); E $ Tep = 0 
J3 JOs -3 +9 





3 
+ÎIF =0; EE hg — weap - T 
JB JOs - 3% +9 
IR -it E, = 12 (5) 
JOs - 3¥ +9 
From Eqs. (1) and (3): 3yaP -— l6yg + 48 = 0 
From Eqs. (4) and (5): Ys = 3.53m Ans 


P = 08kN Ans 


Tag = 6.05 kN 
Tac = 4.53 kN 


Tep = 4.60 kN 


Taa = lpg = 8.17kN Ans 
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7-94. Cable ABCD supports the 10-kg lamp F and the 
15-kg lamp F. Determine the maximum tension in the cable 
and the sag yz of point B. 











ISCaaN 











jotg-Bin 
CA) 


From FBD (a) 
GEM, =0; — Tepcos 75.96°(2)+ Topsin 75.96°(4) 
~- 15(9.81)¢4)- 10(9.81)(1) = 0 
Teo = 157.30 N 


SEF =0; 157.30 cos 75.96°—-A,=0 A, =38.15N 


+TER, =0; A +157.30 sin 75.962 — 15(9.81)— 10(9.81) =0 








A, =92.65N 

Joint A: 

EF, =0; Tzcos@-38.15=0 (1) 
+TIR =0; 92.65-%,sin8 =0 (2) 
Solving Eqs.(1) and (2) yields : 

6 = 67.62° Tp = 100.2 N 

yg = (1)tan67.62° = 2.43 m Ans 
JomtC ; 


EF, =0; 157.30 cos 75.96°—Tpecos 8.13°=0 Tho =38.54N 


+TIF,=0; 157.3 sin 75.96°— 38.54 sin 8.13°—15(9.81)=0 (Check) 


Tam = Top = 157 N Ans 
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7-95. The cable supports the three loads shown. Determine 
the sags yg and yp of points B and D. Take P4 = 400 lb, 




















P, = 250 Ib. 
= 12 ft 20 ft | 15 ft 12 ft 
AtB 
— 20 7 12 r 0 
IF = 0; ee -= Å- = 
(Ui4-y_)? +400" Y + 144 
+TEF = 0; o T+ T, - 250 = 0 
¥ i (14-y,)? r 400 Bt vy? + 144 AB 
32y, — 168 Tha 7 
met. = 3000 (1) JT ® , hf 
y(14-y,)? + 400 \ 30 Tre. 
75044 
Acc 
+ 15 20 
SEF = 0; epee Teg — ee 7 = 0 
y (14-yp)? + 225 y (14—y,)? + 400 
= 4 - 
+ TR = Ü; int Oe a! Se, 00 
y¥(14-yp)? + 225 y(14-y,)? + 400 
= + 490 - 15 
et Er. = 6000 (2) 
¥(l4—y,)? + 400 ~ fe) Ter 
i wH Jo 5 he 
A r 400 — 
-207g + 490 — Liye - = #000 (3) BOLL 
y(4-yp)? + 225 
ArD 
SER, = 0; og - Ty = 0 
¥ (4+y¥p)? + 144 ¥(14-yp)? + 225 
+TEE = 0; LS ee eee - 250= 0 
(4+ Yp? + 144 ¥(14-yp)? + 225 
-108 + 27 
Z= = 3000 (4) 


L g 
y(i4—yp)? + 225 





Combining Eqs. (1) & (2) 


T9Ya + 207p = 826 
Combining Eqs. (3) & (4) 


45y, + 276y, = 2334 
Ya = 8.67 ft Ans 
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*7—96. The cable supports the three loads shown. 
Determine the magnitude of P,; if P, = 300lb and 
Yg = 8ft. Also find the sag yp. 
































—12ft 20 ft | 15 ft 12 ft + 
AtB 
+ 20 12 | 
LF, = 0; — ye - Iis = 
x 436 BC 208 AB 
The 
-6 , 8 
= 0; + = = 3 . 
taget lhe + eels — 0 = 0 Te e 
300l% 
Tap = 983.3 Ib 
Tac = 854.2 Ib ee Pas 
0 15 Hp 
At C | 
+ 15 A 
IF, = 0; = (854.2) + -o =90 (1) 
436 y(14—yp)? + 225 
+TER = 0; É (9549) + —— =P Ty -P =0 (2) 
436 ¥(14-yp)? + 225 
AtD 
Sap, = 0; — a mE —To = 0 
J (4+yp)? + 144 (14-yp)? + 225 
14 - 
+ TIF = 0; tI Ty = eT - 3002 0 
(4+ Yp)? + 144 ((14-yp)? + 225 
: Ter 
| 3600y 225 + (14 — yp)? . É 
To <5 | 
Substitute into Eq. (1) : 3001 
¥p = 6.44 ft Ans 
Top = 916.1 Ib 
P, = 658 Ib Ans 
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°7-97. ‘The cable supports the loading shown. Determine 


the horizontal distance xg the force at point B acts from A. 
Set P = 40 lb. 











Xp -3 


| a S 
xy -3)? + 4 °° 











4 Xp -3 


3 
i E eE m" f 


5 
8 2 3 
TN — Toy — =(90) = 0 
lara js? 3s 
30 — 2x5 


eT = 102 2 
(xp -3)? + 64 o - 
13x, -15 200 


30-2x, 1% 
ža = 4.36 ft 








Solving Eqs. (1) & (2) 





7-98. The cable supports the loading shown. Determine 
the magnitude of the horizontal force P so that xg = 6 ft. 
































AtB 
6 3 
EF = 0; P-——=T,, - —%, = 0 
61 AB 73 BC 
5 8 
+TIF = 0; —T,, - —Z7,,- = 0 
Y siB 73 BC 
63 
sP - ——T, 0 (1) 
SB BC 
AtC 
+ 4 3 3 
DER = 0; -(30 +—==The - —=Top = 0 
5 I” BC JB CD 
8 2 3 
Y (BB BC Via? 5 (30) 
18 
—— Jae = 102 2 
l (73 BC ( ) 
Solving Eqs. (1) & (2) 
63 SP 
18 102 
P = 71.4 lb Ans 
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7-99. Determine the maximum uniform distributed p 60 m 2 


loading wọ N/m that the cable can support if it is capable of E 5 c] 
i : 
TOOT 











sustaining a maximum tension of 60 KN. 




















The Equation of The Cable : 








y= Z| Uvodna: 
- (0,2 1 
(5 x +C\x+C;) (1) 
dy 1 
k oe (2) 


Boundary Conditions : 


y=0 at x =0, then from Eq.{[1] 0= 1G) CG =0 


È = 0atx=0, then from Eq.12] 0=—(C,) c, =0 


Fy 
Thus, y= RT (3) 
dy Wo [4] 
de Fy 


y=7 matx =30m, then from Eq.[3] 7==2 (30) i 
2Fy 7 


0 = Oaa: atx = 30 m and the maximum tension occurs when 6 = 6,,, - From Eq.(4] 











mn. = 2 = zyx = 0.01556(30) = 0.4667 
30m Wo 
Omaa = 25.02° 
The maximum tension in the cable is 
F, 
T H 
ma = COS Omaa 
cos 25.02° 
W = 0.846 kN/m Ans 
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*7-100. The cable supports the uniform distributed load 
of wọ = 600 lb/ft. Determine the tension in the cable at 
each support A and B. 








Use the equations of Example 7 - 12 











Mo 
= ifs 


600 
Ss Ee 

600 
l —as — 
02 as xy 


600 600 


san’ = sa0 7 


x = 1.5 (625 = 50r + 2) 





0.427 - 75x + 937.50 2 0 
Choose root < 25 ft. 


z = 13.76f 


Fy = rtd = 00 13.76)? = 3788 b 


2 (15) 
ALB: 
Y= 75” * Toney” 
Cum xcend 
= = Wn 0p = 0.15838 aa 2.180 
Üs = 65.36° 
Fy 3788 l 
Ti cos Op” ap T S = 9.09 kip Ans 
ALA 
= BE = 00 
= IR T Tare” 
dy 
dr SS Na saas 19,76) 7 1-780 
6, = 60.67° 
„Fa _3788 . 
T cos 6, cos ggr 99D = 7.73 kip Ans 
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e7-101. Determine the maximum uniform distributed 
load wọ the cable can support if the maximum tension the 
cable can sustain is 4000 lb. 

















- 25i | 





Use the equations of Example 7 - 12, 


y= ope 
iss es 
10 = Ig- 





È = 1.5(625 = SOx + x”) ee ee ee 
0.5x7 = 75x + 937.50 = 0 
Choose root < 25 ft 


z a 13.76ft 


F -E ss 
y = D * Fa (13.76)? = 6.31378 wo 


Maximum tension occurs at B since the slope y of the cable is greatest there. 


Wo 
! "aR 


= = un an = — = Bo Lis. 78) (13.76) 
ee 13,768 Fy 6.31378 wy 


Bag = 65.36" 


Fa 
COS Bue 


La = 





_ 6.31378 w 


cos 65.36" wo = 2641b/f Ans 
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7-102. The cable is subjected to the triangular loading. If 
the slope of the cable at point O is zero, determine the 
equation of the curve y = f(x) which defines the cable 
shape OB, and the maximum tension developed in the cable. 














y = = ff wodd 
H 


1p e50: 
= g Spades 





ft 500 lb/ft 


1 ¢ 50 
= —|(—x" + Cd 
AG 1) 500 Ib/ 
15 ft -|. 15 ft 


1 50, 
= (>r et Oxe€ 
AEH i 2) 











tx=15ft, y= 8ft F, = 2344 Ib 


y = 2.37(107°)x° Ans 
dy 50 
dx mar = 3( 2344) ra lift 
Ona = tan '(1.6) = 57.99° 

Fy 2344 

2z =———— le 

Taur COSO mar  00857.99° n 
Toa = 4-42 kip Ans 
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7-103. If cylinders C and D each weigh 900 lb, determine 
the maximum sag h, and the length of the cable between the 
smooth pulleys at A and B. The beam has a weight per unit 
length of 100 lb/ft. 














Since the loading and system are symmetric as indicated in the free- body diagram shown in Fig. a, 


+T XF, = 0; 2(900sin@ max )— 10042) = 0 
Ô maz = 41.81° 


Thus, 
FH =Tmax COSA max = 900cos 41.81° = 670.82 Ib 


As shown in Fig. a, the origin of the x— y coordinate system will be set at the lowest point of the cable. 


Integrating the above equation, 


B = 0.1491x+C 
“a AEA 


Applying the boundary condition a = Qat x = 0 results in C} = 0. Thus, Eq. (1) becomes 


L 0.1491x 
dx 


Integrating, 
y = 0.07454x? + C3 


Applying the boundary condition y = 0 at x = 0 results in C> = 0. Thus, Eq. (1) becomes 
y = 0.07454x7 


Applying another boundary condition, y = h, at x = 6ft, 
h = 0.07454(67) = 2.68 ft Ans. 


The differential length of the cable is 


| ~ 2 
ds = dx? + dy? -HA dx = J1 +0.02222x2 dx 
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Thus, the total length of the cable is 


6 ft 
L=| ds = 2 d- 0.02222x? dx 
0 


6 ft 
0.2981 45+ x? dx 
0 


-02581{4 oli +x? + 45in{ x+ 454.2 } 


= 13.4ft Ans. 


ft 





lo0d/2) Ib 


(a) 
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*7-104. The bridge deck has a weight per unit length of 1000 m | 


80 kN/m. It is supported on each side by a cable. Determine A 
the tension in each cable at the piers A and B. | 

LI> 

A NE CL ME ME EE E E E E e E E E E TL 




















As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. Since the bridge 
deck is supported by two cables, w( x)= = 40 KN / m. 


dy we a00?) 
k? Fy Fy 


Integrating, 


3 
dy È), o 
da Fy 


Applying the boundary condition 2- Oat x = 0 results in C4 = 0. Thus, 


3 
“ee l; (1) 
H 


Integrating, 





Xx + 


_ 200107) 2 
STF 


Applying the boundary condition y = 0 at x = 0 results in C> = 0. Thus, 
3 
= 20(10 ) 2 
Fu 
Applying two other boundary conditions y = 75 m at x = x9 and y = 150 mat x = {(1000- xg), 


3 
15 = A 2 
Fr 
H 





3 
150 = ZU -a000 xo)? 
FH 


Solving these equations 
xo =414.21m FH = 45.75(10°) N 


Substituting the result for F y into Eq. (1), 


3 
ci a. = 0.87410 x 
dt 45.75(10°) 
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Thus, the angles the cables make with the horizontal at A and Bare 


On = SE = lan~! fo.s74310 X(414.2p]|= 19.91° 
B 


04 = m2) = fan {0.874410 [-1000- 41420) = 27.12° 
A 


Thus, 
7 6 
Tp = —~ = 45.7300) - 48,66(105) N = 48.7MN Ans. 
osp 00s 19.91° 
6 
Ty = H= B00) ~ 51.4000) N = 51.4MN Ans. 


cos@4  00827.12° 
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e7-105. If each of the two side cables that support the 
bridge deck can sustain a maximum tension of 50 MN, A 
determine the allowable uniform distributed load wọ caused 
by the weight of the bridge deck. 


~ 1000 m = 


= 




































As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. Since the bridge 


deck is supported by two cables, w(x) = =. 





d'y _wo/2_ wo 

d? Fy 2Fy 
Integrating, 

dy _ wg 

-E m + C) 

de 2Fy `? 


Applying the boundary condition 2 = Oat x = 0 results in C; = 0. Thus, 








dy __Wo 
dx 2F py . 0) 
Integrating, 
wo 2 
= +C 
l= Fy 2 


Applying the boundary condition y = 0 at x = 0 results in C» = 0. Thus, 
= -r0 x 


4FH 


Applying two other boundary conditions y = 75 m at x = xg and y = 150 m at x = 1000- xo), 


wo 2 


= 
4Fy 





| Wo 2 
1 0 = ——— |— = 
50= zp [-(1000 x0] 


Solving these equations 
xo = 414.21 m Fp = 571.91wọ 


Substituting the result for F y into Eq. (1), 
dy wo 


DoYo -3,_ 
de 2(571.91W) SEAST E 
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By observation, the angle the cable makes with the horizontal at A (@, ) is greater than that at B (0p ). Thus, the cable 
tension at A is the greatest. 


6, =|tan7! 2| = an~t f0.874310 [-1000- 414.25) = 27.12° 
"E 


By setting T} = 50(10f)N, 
Ta -H 
cos 64 
571.91wọ 
cos 27.12° 
Wo = 77.8X10)N/m= 77.8kN/m Ans. 


50(10°)= 
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7-106. If the slope of the cable at support A is 10°, y 
determine the deflection curve y = f(x) of the cable and the 
maximum tension developed in the cable. AO ft - 


















The triangular distributed load is described by w(x)= Iy = 12.5x 


=F rT | 





d*y _ w(x) _ 12.5 | 














Integrating, 500 Ib /ft 
J- 25 x? + G 
a Fy 
Applying the boundary condition 2 = tan 10° at x = 0 results in C; = tan 10°. Thus, 
® EZS 2 san 10° (1) 
d Fy 
Integrating, 
y = 29833 33 + tan 10°x+Co 
FH 
Applying the boundary condition y = 0 at x = 0 results in C> = 0. Thus, 
= 20833 53 + tan 10°x (2) 
FH 
Applying the boundary condition y = 10 ft at x = 40ft, 
10 = ALE <-> (49)° + tan 10°(40) 
l FH 
Fy = 45.245(10°) Ib 
Substituting the result into Eqs. (1) and (2), 
a Ss + tan 10° 
dt  45.245(10°) 
= 0.1381(10~> )x* + tan 10° 
and 
= 3 + tan 10° x 
45.245107) 
=46.0(10~° x? +0.176x ` Ans. 


The maximum tension occurs at point B, where the cable makes the greatest angle with the horizontal. Here, 


Omax -mA |= tant —©:25__(402)+ tan 10°| = 21.67° 
dx |40 ft 45.245(10° ) 


Thus, 


3 
= —H_ ./. D200") L 48.6900) Ib = 48.7 kip Ans. 


T 
diti z max  00821.67° 
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7-107. If h = 5 m, determine the maximum tension 
developed in the chain and its length. The chain has a mass 
per unit length of 8 kg/m. 














As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
Here, w(s)= 8(9.81)N /m=78.48 N / m. 


2 2 
d Y 78.48 (2) 
da“ FH dx 





dy 


2 
If we set u = —, then au d Y 
dx 


= S=, th 
7 en 


> 


dx 
dua T848 i 


d+ u? FH 


Integrating, 


of weds me 73.48 
H 





x+C 
F 1 


Applying the boundary condition u = 2 = Oat x = 0 results in C} = 0. Thus, 


m udis | hae 


FH 
78.48 
l 2 FL” 
u+ Yltu“ =e # 
T8A8 1848 
ee LO m m À 
e Fy -e Fy 
2 








D -u= 
dx 


e* =g" 


Since sinh x = — then 


78.48 
Fry 





2. = sinh x (1) 
Integrating Eq. (1), 


y = FH [S| +02 
78.48 Fy J 





Applying the boundary equation y = 5 m at x = 25 m, 


=- -EH 1848 pay |_ 
: Ea ant Fa as) I} 


Solving by trial and error, 
Fy = 4969.06 N 
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The maximum tension occurs at either points A or B where the chain makes the greatest angle with the horizontal. Here, 


anll D _ ee H a| 7848 _ n 
an 


= — fH _ 4969.06 _ oe AGN = 5.36KN Ans. 





Referring to the free - body diagram shown in Fig. b, 


+ TER, =0; Tsinð —8(9.81)s = 0 
+— IF, =0; T cos — 4969.06 = 0 
Eliminating T, 


D tan ô = 0.0157945 
ax 


Equating Eqs. (1) and (2), 


r 78.48 _ 
sinh] 4969 06 x| = 0.015794 5 


s = 63.32 sinh{0.01579x] 





Thus, the length of the chain is 
L = 2{63.32 sinh[0.01579(25)]} = 51.3m Ans. 





(A) | EG-BUS 
(b) 
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*7_-108. A cable having a weight per unit length of 5 lb/ft i 150 ft i 
is suspended between supports A and B. Determine the 
equation of the catenary curve of the cable and the cable’s 30° 30° 


length. 








As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
Here, w(s)= 5 lb / ft. 





dy 5 
d? Fy 
2 
If we set u = a then 2u = EI. Substituting these two values into the equation, 
dx d d? 
i 
dis u? Fy 


Integrating, 


a udita? |= Src, 
H 


Applying the boundary condition u = 2 = Oat x = 0 results in C} = 0. Thus, 


if wedi 2) 
Fy 
5 


5 5 
— Y —— 
dy efu -e fH 
— = jf = reei 
dx 2 
, ; e* — e* 

Since sinhx = — then 
® A aie (1) 
dx FH 


Applying the boundary equation Z = tan 30° at x = 75ft, 


tan 30° = sinj -Ž a5) 
FH 


Fy = 682.68 Ib 


Substituting this result into Eq. (1), 
dy TE, | 
= sinh{7.324(10 )x] (2) 
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Integrating, 
y = 136.54cosh [7.324 10° x] +C 


Applying the boundary equation y = 0 at x = 0 results in Cp = —136.54. Thus, 
y= 137 cosh 7.324( 10-3)x]- ite Ans. 


If we write the force equation of equilibrium along the x and y axes by referring to the free - body diagram shown in 


Fig. b, we have 
+ T EF, =0; Tsin@ -5s=0 
Eliminating T, 
2- tan @ = 7.324(10° )s 3) 


Equating Eqs. (2) and (3), 
732410? )s = sinh] 7.324( 10°? yx] 
s= 136.54sinh[7.324( 107 x] ft 


Thus, the length of the cable is 
L= 2{136.54sini{7:324(10-° 75)} 
= 157.66 ft = 158ft Ans. 
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7-109. If the 45-m-long cable has a mass per unit length | Am 
of 5 kg/m, determine the equation of the catenary curve of 


the cable and the maximum tension developed in the cable. Ne” 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
Here, w(s)= 5(9.81)N /m=49.05 N / m. 








Seta = Z, du oD the 
dx dx? 
du _ 49.05 i 
dJi u? FH 
Integrating, 
nf +di+ |= <3 +G 
A 


Applying the boundary condition u = 2 = Oat x = 0 results in C4 = 0. Thus, 
In r PE ) = 29.05 
Fy 
49.05 


x 
iira? =e Fu 


49.05 49.05 
—K eer 





dy e FH —e Fu 
a 2 
e* 

Since sinh x = , then 

Ld = sinh x (1) 

dx Fy 
Integrating, 

FH 49.05 
= ees COS) r +C 
7 = W05 l Fy x) a 


F 
Applying the boundary equation y = Oat x = 0 results in C> =- a Thus, 


49.05 
Fy | __,{ 49.05 
= ees ———Ř — l 
49.05 eon FH =) |= 
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If we write the force equation of equilibrium along the x and y axes by referring to the free - body diagram shown in 


Fig. b, 
IR =Q Tcs — Fy =0 
+T IF, =0:; T sinô - 9.81) = 0 
Eliminating T, 
d _ NE 49.055 (3) 
dt Fy 


Equating Eqs. (1) and (3) yields 


49.055. a 49.05 
meee = Sl ee 
FH FH 





Fg . „| 49.05 
i= Sl —— 
49.05 Fu 


Thus, the length of the cable is 
i Fy 49.05 20 
nee | En i, 


Solving by trial and error, 
Fy =1153.41N 


Substituting this result into Eq. (2), 
y = 23.5[cosh0.0425x— 1] m Ans. 


The maximum tension occurs at either points A or B where the cable makes the greatest angle with the horizontal. Here 


_ cg tell | _. 4]. f 49.06... _ ? 
nay = tan (4 = tan sin $208 ao = 43.74 
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7-110. Show that the deflection curve of the cable discussed 
in Example 7-13 reduces to Eq. 4 in Example 7-12 when the 
hyperbolic cosine function is expanded in terms of a series 
and only the first two terms are retained. (The answer 
indicates that the catenary may be replaced by a parabola 
in the analysis of problems in which the sag is small. In this 
case, the cable weight is assumed to be uniformly distributed 
along the horizontal.) 


cosh r = | + x +... 
2! 


Substituting into 


wl  2F} 
= fox 
2Fy 


We get y= at QED 
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7-111. The cable has a mass per unit length of 10 kg/m. p 8m i 
Determine the shortest total length L of the cable that can 
be suspended in equilibrium. 








As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
w(s) = 10(9.81)N /m=98.1 N / m. 





dy du d’y 
t = Ã—, —— 
Setu r then r then 


de?’ 
du a FBl i 
dis u? Fy 


Integrating, 


if wedi (7) = Bb racy 
H 


Applying the boundary condition u= 2 = 0 at x = 0 results in C, = 0. Thus, 


rt ent *). Ze 
l "Fa 
98.1 





81, _ 981, 
dy Anm ern -e Fx 
da” 2 
x =F 
Since sinh x = £ = , then 
A- sinh 4 y q) 
dx Fy 


Referring to the free- body diagram shown in Fig. b, 
* =F, =Q T cos@ — Fy = 0 
+ TEF, =0; T sind —10(9.81)s = 0 
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Eliminating T, 
dy _ _ 98.15 2 
rs tan 0 Fy (2) 


Equating Eqs. (1) and (2), 





08. Ls 3 98. 1 

= §] — J 
Fr Fy J 
n Fu . 98.1 
s -ria Fa” 


The length of the cable between A and B is therefore 


L's al Fit an El) = 0.02039F 4 sn = 
98.1 Fy FH j 


Thus, the length of the overhanging cable is 


L -L'= L -0.2039F y sinf ma) 
FH 


The tension developed in the cable at B is equal to the weight of the overhanging cable. 


Tz = oan L- 0.2039F y sn 224) 
H 


=98.1L—2F y sn 324 (3) 
Fy 


Using Eq. (1), the angle that the cable makes with the horizontal at B is 


392.4 
= <j n i i. 
tan @p any E Fi, .( |= sn Fi, z] 


From the geometry of Fig. c, 


cos Op = = 
or (24 J 
2| 
T =F ere inh ana) A 
B~ = H : ( ) 
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Equating Eqs. (3) and (4), 


a| 392.4 392.4 
Fy Ji+sinh”| —— | = 98.1L —2F y sin) ——— 
Fy Fy 
= TREN Fy jl+ in + 2F py si = 
= 98.1 H H 


However, cosh { -E = 1+ sinh ia Thus, 
H 


l s 392.4 | 
2 2Fy sinh} ——— 5 
L E Fy J y sint Fa | (5) 
In order for Lto be minimum, F must be equal to zero. 
db sn 224 ek con 324 392.4 | 392.4 392.4 
— = — +2Fy = + 2sinh| —— 
dF yy 98.1 Fy Fg? Fy 
1 392.4 392.4) 392.4 . | 3924 392.4 
—— === |42 a = 
haa Fy } me p e Fy } Fu TE ol Fy | 
Setting F- =0. 


mi a oop 224), 7848 ]_ o 
Fy Fy | 


wlan -392.4) + (Fy - 7848) = 0 
H 














Solving by trial and error, 
Fy = 438.70N 


Substituting this result into Eq. (5) yields 
L=15.5m Ans. 





/0(F81)5 
Cb) 
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*7—112. The power transmission cable has a weight per 300 ft M 
unit length of 15 lb/ft. If the lowest point of the cable must 
be at least 90 ft above the ground, determine the maximum 
tension developed in the cable and the cable’s length 
between A and B. 























As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. Here, w(s) = 15 Ib/ ft. 


2 2 
ie ed (2) 
dx FH dx 

dy du d’y 

If we set u = —, then —— = ——. Thus, 
dx d dx? 
du -y 
2 FH 


l+ u 


Integrating, 


nf weds i? }= Bo axe; 
H 


Applying the boundary condition u = = = Oat x = 0 results in C; = 0. Thus, 


nf wt i? |= gos 
FH 
15 
NE = FH 


is AS 
[ey a Ba 
dx 2 
AE 
Since sinh x = 5 , then 
fo stink (1) 
dx Fy 
Integrating, 
_ Fu ce N C3 
15 Fy 


Applying the boundary equation y = 0 atx = 0 results in Cy = -2 Thus, 


y E — Í 
15 FH 
Applying the boundary equation y = 30 ft at x = xg and y = 90 ft at x = (300 — xo ), 


30 = Fit ent 2 | = | (2) 
15 FH 
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_ Fy ~15(300— x9) | _ 
oom Ft |i =D) i 


Since cosh(a — b) = cosha coshb — sinha sinh b, then 


_ fH cosh a coh 4200. sinh 12 gin 4200. _ 1 (3) 
15 Fy FH Fy FH 
Eq. (2) can be rewritten as 
to _ 450+ Fy (4) 
H Fy 
(5) 





Substituting Eqs. (4) and (5) into Eq. (3), 


1350 = (450 + Fy) cosh — [202500+ 900Fy sinh aie 
H H 


solving by trial and error, 
Fy = 3169.58 Ib 


Substituting this result into Eq. (4), 
xo = 111.31 ft 


The maximum tension occurs at pointA where the cable makes the greatest angle with the honzontal. Here, 


m Flan en eee 


Fy 3169.58 l 
ai COSA max 00s 45.47° P 
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Referring to the free- body diagram shown in Fig. b, 


$ =F, =O T cos0 ~ 3169.58 = 0 
+ Î EF, = 0; Tsinð — 15s = 0 
Eliminating T, 
2- ABAI )s (6) 


Equating Eqs. (1) and (6) yields 
ABA )s= sinh|4.73X 10 x] 


s=21131 sinh[4.732(10~> x] 


Thus, the length of the cable is 
L=21131 sinh|4.732(10~° 1 11.30]+ 21 1.31sinh{ 4.732(10> 188.69)| =331ft Ans. 


E =3169-S8 L 
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e7-113. Ifthe horizontal towing force is T= 20 kN and the 
chain has a mass per unit length of 15 kg/m, determine the 
maximum sag h. Neglect the buoyancy effect of the water 
on the chain. The boats are stationary. 








As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the chain. 
Here, Fy =T = 20(10° )N and 
w(s) = 15(9.81) N / m = 147.15N / m. 


2 2 2 
LB ne (2) -rasah (2) 
dx” 2000) \& d 





li 


2 
du d 
Set u = —, then zr = =z. Th ; 
du -3 
= 7.3575(107*)dx 
2 
Vis u 


Integrating, 


hf u tdi +u? ) = 7.3575(107>)x+ C] 


Applying the boundary condition u = 2 = Oat x = 0 results in C] = 0. Thus, 


nf wd i? )= 7.3575(10~>)x 
= 
oe l pu? = e135700° x 


dy _ u= 7.357500? w e-1.3571510* )x 
dx 2 





Since sinh x = E, then 


2 = sinh 7.3575(10° x 


Integrating, 
y = 135.92.cosh7.3575(10 >)x + Cy 





Applying the boundary equation y = 0 at x = 0 results in Cp = —135.92. Thus, 
y= 135.94 cosh 7.357510 x — | 


Applying the boundary equation y = h at x = 20 m, 
h = 135.92|cosh 7.3575(10 (20) — | =1,47m Ans. 
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7-114. A 100-lb cable is attached between two points at a 
distance 50 ft apart having equal elevations. If the maximum 
tension developed in the cable is 75 Ib, determine the length 
of the cable and the sag. 


From Example 7 - 15, 


Ta = — = 75b 


Fy 
COS Gace 2 75 
For 5 of cable, 
100 
E E... 
iis 3 f 
an. = Mf OPALA 
= H Fa H 
Thus, 
75 S75*-h (SF -Fj = 50; Fy = 55.9 
a 7} Omax B 
„M. (2x) 55.9 s0 \ 90 
fn = m R) (8) wat (35) 6 
i 
3227.80 
Wo = = = 1.80 b/ft 


Total length = 23 = 55.6 Ans 





na E [ona (SF) -1]- Bm (GS) - 


= 106% Ans 
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7-115. Draw the shear and moment diagrams for beam CD. 
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*7-116. Determine the internal normal force, shear force, 
and moment at points B and C of the beam. 























Free body Diagram : The Support reactions need not be computed for this 
case. : 


Internal Forces : Applying the equations of equilibrium to 
[FBD (a)], we have 


> EF, =0; Ne =0 Ans 
+TIF=0; Vo-3.00-6=0 V=9,00kN Ans 


(+EMc=0;  ~Mc-3.00(1.5) -6(3)-40=0 
Mz = -62.5kN-m Ans 


Applying the equations of equilibrium to segment DB [FBD (b)] , we have 
* 


+TER=0; Vy-10.0-7.5-4.00-6=0 
Vp = 27.5 KN Ans 





(+ 2m, =0; =m, -10.0(2.5)~7.5(5) 
~4.00(7) -6(9) -40 30 
My =~|184.5kN-m Ans 
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e7-117. Determine the internal normal force, shear force 
and moment at points D and F of the frame. 


Support Reactions : Member BC is a two force member. From FBD (a), 


(+=, =0;  Fyccos 15°(1.5) -600(0.75) =0 


Internal Forces : Applying the equations of equilibrium to segment CE 
[FBD (b)], we have 


p+ IE-=0; 310.58sin 15°-N,=0 Ng=804N Ans 
WYER =0;  Ve+310.58c0s 15°-300=0 VW=0 Ans 


(Ç EMg=0;  310.58cos 15°(0.75) — 300 (0.375) - Mg =0 
M; = 112.5 N-m Ans 


Applying the equations of equilibrium to segment CD[FBD (c)] , we have 
EF =0; Np+310.58c0s 45°=0 Np=-220N Ans 
+TEF=0; -310.58in45°-V,=0 V,)=-220N Ans 


(+2M,=0; Mp +310.58sin 45°(0.25) =0 
Mp = -54.9N-m Ans 
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7-118. Determine the distance a between the supports in 
terms of the beam’s length L so that the moment in the 
symmetric beam is zero at the beam’s center. 

















Support Reactions : . From FBD (a), 
W l a W 
(+IMe=0;  F(L+a(5)-B,(a=0 B, == (L+a) 


Free body Diagram : The FBD for segment AC sectioned through point 
C is drawn, 





Internal Forces : This problem requires Mo = 0. Summing moments 


about point C[FBD (b)), we have 
_ waray w l 
Ceza F(a) zC-a[z20] 
wW a 
-ztra(5}=0 
2a* +2aL-L? =0 
a= 0.366L Ans 
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7-119. A chain is suspended between points at the same 
elevation and spaced a distance of 60 ft apart. If it has a 
weight per unit length of 0.51b/ft and the sag is 3 ft, 
determine the maximum tension in the chain. 


pagea] 


Performing the integration yields ; 


i= 


— 


xe lamt ossec)lo} | t 
0.5 E | 





Applying boundary conditions at x=0; s= 0 to Eq.[1] and using the result C, = 0 
yields C, = 0. Hence 


Fy 0.5 
f= asinn Ss [3] 
Substituting Eq.[3] into [2] yields : 
0.5, 

2 = sinh } [4] 
Performing the integration 

-Ea cogs (S 

“03 (E*)+4 
Applying boundary conditions atx=0; y=0 yields C} = -2 ; Therefore 
_ Fy 0.5 
aca 
Atx=30ft; y=3ft 3 Ti | cont (=(30) }- ] 
By trial and error Fg = 75.25 Ib 


Atx=30f; @=@... FromEq.[4] 


dy oe ; 
tang = — = sinh| ą=———— 6.4. = 11.346° 
mæ deles \ 75.25 ) ik ii 
75.25 
“H = 76.7 Ib. Ans 


— COS Ope ax ~ 60811.346° 
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*7-120. Draw the shear and moment diagrams for the beam. 











e7-121. Determine the internal shear and moment in 
member ABC as a function of x, where the origin for x is at A. 











Support Reactions : The 6 KN load can be replacté by an equivalent force 
and couple moment at 8 as shown on FBD (a). 


(+IM,=0;  Fopsin 45°(6)~6(3)-9.00=0 Fep = 6.364 KN 
+TIF =0; A, +6.364sin 45°-6=0 A, =1.50kN 


Shear and Moment Functions : For 0 Sx <3 m [FBD (b)], 
+TER=0; 150-V=0 V=1.50kN Ans 6 kn Pp 
(+IM=0; M-150r=0 M={1.50x} kN-m Ans 


For 3 m<x 56 m[FBD(c)], 





+TEIF =0; V+6364sin°45=0 V=-4.50kN Ans Ay 
(a) 


Ç+IM=0;  6.364sin 45° (6-x)-M=0 
M = {27.0 4.50r} kN -m Ans 


(e) 
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7-122. The traveling crane consists of a 5-m-long beam 
having a uniform mass per unit length of 20 kg/m. The chain 
hoist and its supported load exert a force of 8 kN on the 
beam when x = 2 m. Draw the shear and moment diagrams 
for the beam. The guide wheels at the ends A and B exert 
only vertical reactions on the beam. Neglect the size of the 
trolley at C. 








Support Reactions : From FBD (a), 


(EM, =0; B, (5)-8(2)-0.981(2.5)=0 B, =3.6905 kN 
+TER =0; A, +3.6905-8-0.981=0 A, =5.2905 kN 


Shear and Moment Functions : For 0 Sx <2 m [FBD (b)], 


+TIĘ =0; 5.2905-0.1962x-V=0 
V = {5.29 —0.196x} kN Ans 


@m=0; M+0.1962x(= )- 5.2905% =0 
M = {5.29x -0.098 Lr" } kN -m Ans 


For 2 m< x 55 m [FED (c)], 


- 20(9.81) 
TIF =0; V+3. =. — es 
+TIE + 3.6905 000 (9 74) =0 


V= {-0.196r - 2.71} kN Ans 








(+ EM = 0; 3,6905(5—x) - 208) (5 _ (> 


i000 AD )-m=o 


M={16.0-2.7Lx—0.098Lx7} KN-m Ans 





VC KN) 


M CKN-m) 
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*7-123. Determine the internal normal force, shear force, 


and the moment as a function of 0° = 0 <= 180° 


0 <= y < 2 ft for the member loaded as shown. 


For 0° s 9< 180°: 
sflF, = 0; V+ 200cos@ - 150sin 6 = 0 
V = 150sin@-200co38 Ans 
AIA = 0; N- 200sin @ - 150cos 0 = 0 
N= 150cos8+200sin@ Ans 
zm = 0; -M = 150(1) (1 = cos 6) + 200(1) sin 8 = 0 
M = 150co8 + 200sind- 150 Ans 
At section B, 6 = 180°, thus 
% = 200b 
Ng = ~150 
Ma = -300b- ft 
ForOsys2 ft: 
IF, = 0; V=200lb Ans 
+TIF 20; N=-150lb Ans 
GEM = 0; -M - 300 ~- 200y = o 


M = -300 -20y Ans 


and 








y 
ICI-Cos6) ft (50 jh 


150 lb 


Ara 300 lb-ft 
=i? 200 Ib 
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*7-124, The yacht is anchored with a chain that has a total 
length of 40 m and a mass per unit length of 18 kg/m, and the 
tension in the chain at A is 7 KN. Determine the length of 
chain /, which is lying at the bottom of the sea. What is the 
distance d? Assume that buoyancy effects of the water on 
the chain are negligible. Hint: Establish the origin of the 
coordinate system at B as shown in order to find the chain 
length BA. 














Component of force s A is 


Fy = Tcos @ = 7000cos 60° = 3500 N 


From Eq. (1) of Example 7-13 Since x = 0, y = 0, thenC, = -= 19.82 
_ 3500 /. eo | 
za ean (sian z (190.81)8 + Cr] + Cs) Thus, 
= 

= s E | 4 
Since Z = 0, sa 0, then y 19.82 (cosh) 1) “) 
yt Slope of the cable at point A is 
—=s —(wr+ O) C=O 
at Fa 


2 = an GO? = 1.732 
Alor = 0, s = 0, sothatC, = 0 and the shove equation becomes 

Using Eq. (3), 
x= 19.82 (sinn"'(— ) 0) 








13.22 saa = 19.82 (1.732) = 34.33 m 
= Length of chain on the ground is thus 
: ¥ ' 

3 19.82 (sinh( = )) (2) Ų = 40 - 34.33 = 5.67m Ans 
From Example 7- 13 From Eq. (1), withs = 34.33 m 

34.33 
dy ~ wos. 18 (9.81) i x = 19.82 | sinh™'| —— || = 26.10 m 
az°h 30 "pa O ( (aa) 

Using Eq. (4), 

Substituting Eq. (2) into Eq. (3), Integrating, seg 54 ( 

26.10 
dy o/s P y = 19.82 (cosh(=—) - 1) 
Pm sinh (5) y = 19.82 cosh =) +c, | ( (j ` 


dayali m Ans 
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e7-125. Determine the internal normal force, shear force, 
and moment at points D and F of the frame. 


Ç IM,=0; Fep(8)~ 150(8tan30°) 20 
Fep = 86.60 tb 
Since member CF is a two- force member 
Ib = Mp 20 Ana 


Np = Feg"86.6 lb Ans 


(+ IM, =0; B, (12) - 150(8tan30°) =0 


B, = 57.735 Ib 


EF 30; Ng=0 Ans 
+TIF,=0; %+57.735-86.6020 
Ve = 28.9 Ib Ans 
(+EMz=0; 57.73509) - 86.60(5) -Mp = 0 
Mg = 86.6 Ib- ft Ans 








By=57 735 1b 
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7-126. The uniform beam weighs 500 Ib and is held in the 
horizontal position by means of cable AB, which has a 
weight of 5 lb/ft. If the slope of the cable at A is 30°, 
determine the length of the cable. 











15 ft . 


250 
T = — E 

sin 30° “S 
Fy = 500 cos 30° = 433.0 1b 
From Example 7 - 13, 


dy l 
a A, (mer +G) 


Ats = 0,2 = n30 = 0577 


Cy = 433.0 (0.577) = 250 


Fy |... 
ra = {sinh fi wos + co] + c} 





433.0 | . ai l | 
ZI = inh i 
3 f: mo + 250) + a} 
s= Oar = 0, Ci = = 0.5493 


Thus, 
= 86.6 {si Tas ]- 
x 6 | sin mag! + 250) 0.593} 


Whenx = 15 ft, 


3a 18.2% Ans 
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7-127. ‘The balloon is held in place using a 400-ft cord that 
weighs 0.8 lb/ft and makes a 60° angle with the horizontal. If 
the tension in the cord at point A is 150 Ib, determine the 
length of the cord, /, that is lying on the ground and the 
height h. Hint: Establish the coordinate system at B as 
shown. 














Deflection Curve of The Cable : 








ds 
x= 7 where wa = 0.8 lb/ft 
| [i +( LFR) (Jwods)?] 
Performing the integration yields 
Fi 
„Ñ F i T= cos@ 150 = Fy = 75.0 lb 
r= isin E (0. as+C, +a} [ ] From Eq. [3] 
From Eq. 7-14 J 
dy Il P aune = Se $= 162.38 ft 
i g ¥edt = E O8+C) [2] $ 
H 
Thus, l= 400 — 162.38 = 238 ft 
Boundary Conditions : 
Substituting s = 162.38 ft into Eq. [4], 
© Dan From Eg. [2] 0=+ (0+) C =0 m 
dx = . F; 1 1 = 
Then, Eq. [2] becomes 
dy _ _ 0.85 3 
== ang = = [3] 
s=Qatx=0 and use the result C, = 0, From Eq.[1] 
r= {sen = (0+0)]+c,} c,=0 
75 0.8 
162. — 
Reavanging Eg.[1], we have = re sinh 55 =) 
= 123.46 ft 
5 = g sim( >) [4] i 
i Fy y =h atx = 123.46 ft. From Eq, [6] 
Substituting Eg.[4] into [3] yields 75.0 
A= . =-|i= 
dy - sinh(2*> 08 rr bea ec 5 (123.46)] J 93.75 ft Ans 
dx Fy 
Performing the integration 
Fy 0.8 
=W bai [5] 
y ZH cosn( = r}e¢, 
y = Oatx=0. From Eq.[5] 0= 7H cosh 0+6, thus, =z 
Then, Eq. [5] becomes 
. Fa 0.8 
r= aala) i. 


The tension developed at the end of the cord is T= 150 lb and @ = 60°. Thus 
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e8-1. Determine the minimum horizontal force P 
required to hold the crate from sliding down the plane. The 
crate has a mass of 50 kg and the coefficient of static friction 
between the crate and the plane is u, = 0.25. 








Free - Body Diagram. When the crate is on the verge of sliding down the plane, the frictional force F will act up the plane 
as indicated on the free- body diagram of the crate shown in Fig. a. 


Equations of Equilibrium. 
LF,’ = 0; N- Psin30° — 50(9.81) cos 30° = 0 
IF =0; P cos30° + 0.25N —50(9.81)sin30° = 0 


Solving 


P =140N Ans. 
N = 494.94N 


SOCAN 
30° 


50G:BI)N 
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8-2. Determine the minimum force P required to push 
the crate up the plane. The crate has a mass of 50 kg and the 
coefficient of static friction between the crate and the plane 
is u, = 0.25. 











When the crate is on the verge of sliding up the plane, the frictional force F’ will act down the plane as indicated 
on the free- body diagram of the crate shown in Fig. b. Thus, F = 4N = 0.25Nand F’ = HN’ = 0.25N’. 
By referring to Fig. b, 


ZF’ = 0; N’ —P sin30° — 50(9.81)cos 30° = 0 
=F,” =0; Pcos30°- 0.25N’ — 50( 9.81) sin30° = 0 


Solving, 


P =474N Ans. 
N’ = 661.92N 


SOCTBIDN 
30° | 


509-81) N 








684 








8 Solutions 44918 1/27/09 1:51 PM Page 685 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


8-3. A horizontal force of P = 100 N is just sufficient to 
hold the crate from sliding down the plane, and a horizontal 
force of P = 350 N is required to just push the crate up the 
plane. Determine the coefficient of static friction between 
the plane and the crate, and find the mass of the crate. 








Free - Body Diagram. When the crate is subjected to a force of P = 100N, itis on the verge of slipping down the 

plane. Thus, the frictional force F will act up the plane as indicated on the free - body diagram of the crate shown in 

Fig. a. When P = 350N, it will cause the crate to be on the verge of slipping up the plane, and so the frictional force 

F acts down the plane as indicated on the free - body diagram of the crate shown in Fig. a. Thus, F = 4,N and F’ = uN”. 


Equations of Equilibrium. 
4% EF; = 0; N — 100sin30° — m(9.81)cos 30° = 0 
Se lF,: =0; HN + 10000s30° — m(9.81)sin30° = 0 


a _ 4.905m ~ 86.603 
ns Bs*~3 496m + 50 a) 
Also, by referring to Fig. b, we can write 
4N X; =0; N’ —m(9.81)00830°— 350sin30°= 0 
teri,’ =0; 350cos 30° —m(9.81)sin30° - .N’ = 0 


Eliminating N’, 
_ 303.11- 4.905m 
Hs 1754 8.496m (2) 


Solving Eqs. (1) and (2) yields 
m = 36.46 kg 
Li, = 0.256 Ans. 
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*8—4. If the coefficient of static friction at A is u, = 0.4 100 mm 

and the collar at B is smooth so it only exerts a horizontal m X A 
force on the pipe, determine the minimum distance x so 
that the bracket can support the cylinder of any mass 
without slipping. Neglect the mass of the bracket. 











Free - Body Diagram. The weight of cylinder tends to cause the bracket to slide downward. Thus, the 
frictional force F4 must act upwards as indicated in the free- body diagram shown in Fig. a. Here the bracket 
is required to be on the verge of slipping so that Fy =p NN, = 04N 4. 


Equations of Equilibriom. 
+ Î IF, =0; 0.4N,4 -m g=0 Na =2.5m g 
GM; = 0; 2.5mg(0.2)+0.4(2.5m gX0.1)— m (gx +0.1)=0 
x=0.5m Ans. 


Note. Since x is independent of the mass of the cylinder , the bracket will not slip regardless of the mass of the 
cylinder provided x > 0.5 m. 
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e8-5. The 180-lb man climbs up the ladder and stops at the 
position shown after he senses that the ladder is on the verge 
of slipping. Determine the inclination 6 of the ladder if the 
coefficient of static friction between the friction pad A and the 
ground is u, = 0.4. Assume the wall at B is smooth. The center 
of gravity for the man is at G. Neglect the weight of the ladder. = ere 












A 
| Dam 
a 






| 


s A W — 
JU] fi l 
f f 
| i | , 
(Fare! f 
N 


| i 
| | 
f 





] 
| 





_|__ a 
oe 
Lal + 
| A 
miu 
Free - Body Diagram. Since the weight of the man tends to cause the friction pad A to slide to the right, 
the frictional force F4 must act to the left as indicated on the free - body diagram of the ladder, Fig. a. 
Here, the ladder is on the verge of slipping. Thus, F4 = HN 4. 
Equations of Equilibrium. 
+ TSF, =0; N4 —180=0 Na = 180 1b 
+IM p = 0; 180 10.cos 60°) — p.( 180)(10 sin 60° )— 180(3) = 0 
10.cos 60° — 1, 10sin 60° = 3 
H,=0.231 Ans. 
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8-6. The 180-lb man climbs up the ladder and stops at the 
position shown after he senses that the ladder is on the verge 
of slipping. Determine the coefficient of static friction between 
the friction pad at A and ground if the inclination of the ladder 
is 9 = 60° and the wall at B is smooth. The center of gravity for 
the man is at G. Neglect the weight of the ladder. 














| A 
-—3 ft— 
Free - Body Diagram. Since the weight of the man tends to cause the friction pad A to slide to the right, 
the frictional force F4 must act to the left as indicated on the free - body diagram of the ladder, Fig. a. 
Here, the ladder is on the verge of slipping. Thus, F4 = HNA. 
Equations of Equilibrium. 
+ T IF, =0; N4 —180=0 N4 = 1801b 
(+2M p = 0; 180(10.cos 60°) — 2,(180)(10 sin 60°) — 180(3) = 0 
180cos@ — 72sin@ = 54 
Ls, = 0.231 Ans, 
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8-7. The uniform thin pole has a weight of 30 lb and a 
length of 26 ft. If it is placed against the smooth wall and on 
the rough floor in the position d = 10 ft, will it remain in 


this position when it is released? The coefficient of static 
friction is u, = 0.3. 


(IM =% 30(5) ~ Np (24) = 6 
Np = 6.25 1b 
SIF, =0; 62-F 20 
F, = 6.25 
+TIR =% M-W=0 


M = Ob 





(Fi )ma = 0.3 (30) = 9b > 6.25 ib 


Yes, the pole will remain stationary. Ans 
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*8-8. The uniform pole has a weight of 30 lb and a length 
of 26 ft. Determine the maximum distance d it can be placed 
from the smooth wall and not slip. The coefficient of static 
friction between the floor and the pole is u, = 0.3. 








+TIF, = 0 M-W=0 
Na = 30 ib 
Fa = (Fa jaa = 0.3 (30) = 9 lb 


SEIF 20; M-9=0 


Na = 9b 





GEM, =0;  30(13 cos 6) - 9 (26 sin 6) = 0 
@ = 59.04° 


d = 26 cos 59.04° = 13.4ft Ans 
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e8-9. If the coefficient of static friction at all contacting 
surfaces is u, determine the inclination 0 at which the 
identical blocks, each of weight W, begin to slide. 








Free - Body Diagram. Here, we will assume that the impending motion of the upper block is down the plane while the impending motion 
of the lower block is up the plane. Thus, the frictional force F acting on the upper block acts up the plane while the friction forces F and F” 


acting on the lower block act down the plane as indicated on the free - body diagram of the upper and lower blocks shown in Figs. a and b, 
respectively. Since both block are required to be on the verge of slipping, then F = 4N and F = uN”. 


Equations of Equilibrium. Referring to Fig. a, 
} 82h’ =0; N-Woos8=0 N =Weoos@ 
Terk, = 0, T+ p.(W cos@)— W sinô = 0 T = W sin — pW cos 


Using these results and referring to Fig. b, 
PAIF, =0; N'-Woœ0-Wooœs0=0 N’ = 2W cos@ 
Serr,’ = 0; 2(W sin 8 — uW cos @)— H, W cos — u,(2W cos 0)-— W sin@ = 0 
sin@ — 5u 00s 0 = 0 
@ = tan=! 5p, 


Since the analysis yields a positive 0, the above assumption is correct. 
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8-10. The uniform 20-lb ladder rests on the rough floor 
for which the coefficient of static friction is u, = 0.8 and 
against the smooth wall at B. Determine the horizontal 
force P the man must exert on the ladder in order to cause 
it to move. 





Assume that the ladder tips about A : 
Ny = 0; 

SEI 20 P-h#0 
+TIR =% -20+M=0 


N, = 2b 





GEM, = 0; 20 (3) - P(4) = 0 





P = 15b 


F, = 151b 
(Falmer = 0:8 (20) a ló ib > 15 ib OK 
Ladder tins as assumed. 


P a lsb Am 
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8-11. The uniform 20-lb ladder rests on the rough floor 
for which the coefficient of static friction is u, = 0.4 and 
against the smooth wall at B. Determine the horizontal 
force P the man must exert on the ladder in order to cause 
it to move. 








Assume that the ladder slips at A : 


F = 0.4 N; 


+TIFR =% M-DW=0 
N, = 201b 


F = 04 (20) = 8b 


QIM =0; —P(4)~20(3)+20(6)-8(8) = 0 G “ER, #0; My+i-8=0 


P=lb Ape NM =7b>0 OK 





The ladder will remain in contact with the wall. 
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*§8-12. The coefficients of static and kinetic friction 300 mm 
between the drum and brake bar are u, = 0.4 and ug = 0.3, | eee 
respectively. If M = 50 N-m and P = 85 N determine the 
horizontal and vertical components of reaction at the pin O. 
Neglect the weight and thickness of the brake. The drum has 


a mass of 25 kg. 


Equations of Equilibrium : From FBD (b), 
(+IMo=0 50-7 (0.125)=0 Ff =400N 
From FBD (a), 


(+2M, =0; — 85( 1.00) +400(0.5) - Ng (0.7) =0 
Ny =407.14.N 


Friction : Since Fy > (F) ma = M,N, = 0.4(407.14) = 162.86 N, the drum 
slips at point B and rotates. Therefore, the coefficient of kinetic friction should be 
used. Thus, A, = H, Na =0.3N,. 





Equations of Equilibrium : From FBD (b), 





¢ EM, =0; 85(1.00) +0.3N, (0.5) -Na (0.7) =0 h 
N, = 154.54 N 25(F-81)=K45-25 N 
From FBD 6), 0-125 
Ce 
+TER=0; 0,-245.25-15454=0 O, =400N Ans BON: 0 
3 
EF, =0; 0.3(154.54)-0,=0 0, =464N Ans (b) 
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e8-13. The coefficient of static friction between the drum 
and brake bar is u, = 0.4. If the moment M = 35 N-:-m, 
determine the smallest force P that needs to be applied to 
the brake bar in order to prevent the drum from rotating. 
Also determine the corresponding horizontal and vertical 
components of reaction at pin O. Neglect the weight and 
thickness of the brake bar. The drum has a mass of 25 kg. 








Equations of Equilibrium : From FBD (b), 
Equations of Equilibrium : From FBD (b), 


(+=M, =0 35-F,(0.125)=0 Fy =280N 
+TIF=0; 0,-245.25-700=0 0O,=945N Ans 


From FED (a), 


Ž EF =0; 280-020 0,=280N Ans 
(+=M, =0;  P(1.00) +280(0.5) -Np (0.7) =0 


Friction : When the drum is on the verge of rotating, 
Fy =H,Ng 
280 = 0.4N, 
Substituting Na = 700 N into Eg. [1] yields 


P=350N 
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8-14. Determine the minimum coefficient of static 
friction between the uniform 50-kg spool and the wall so 
that the spool does not slip. 





Free - Body Diagram. Here, the frictional force F4 must act upwards to produce the counterclockwise moment 
about the center of mass of the spool, opposing the impending clockwise rotational motion caused by force T as 
indicated on the free- body diagram of the spool, Fig. a. Since the spool is required to be on the verge of slipping, 
then FA = HUSNA. 


Equations of Equilibrium. Referring to Fig. a, 


(+2M, = 0; mg (0.6) — T cos 60°( 0.300s 60° + 0.6) — T sin 60°(0.3sin 60°) = 0 
T = mg 
+ =F, =Q mg sin60° - N4 =0 N 4 = 0.8660mg 
+ Î XF, =0; H ,(0.8660mg ) + mg cos 60° — mg = 0 
u, = 0.577 Ans. 


Note. Since y , is independent of the mass of the spool, it will not slip regardless of its mass provided 4 , > 0.577. 





(A) 
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8-15. The spool has a mass of 200 kg and rests against the P 
wall and on the floor. If the coefficient of static friction at B 
is (us)g = 0.3, the coefficient of kinetic friction is 
(uk)g = 0.2, and the wall is smooth, determine the friction 
force developed at B when the vertical force applied to the 
cable is P = 800N. 








LF, = 0; Fp - N, = 0 
+TIF, = 0; 800 - 200(9.81) + Ny = 0 
(+ IMo =0; ~800(0.1) + Fa(0.4) = 0 
Fa = 200N 
Ng = 1162 N 


(Fp) max = 0.3(1162) = 348.6 N > 200N 


Thus, Fa = 200 N Ans 
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*$-16. The 80-lb boy stands on the beam and pulls on the 
cord with a force large enough to just cause him to slip. If 
the coefficient of static friction between his shoes and the 
beam is (u,)p = 0.4, determine the reactions at A and B. 
The beam is uniform and has a weight of 100 Ib. Neglect the 
size of the pulleys and the thickness of the beam. 


















































~— 5ft ><> =— 3 ft —- 4 ft > 
1 ft 
Equations of Equilibrium and Friction : When the boy is on the verge to 
slipping, then F, = (4, ) p Np = 0.4Np. From FBD (a), 601b 
5 

+TEĘ=0; Np-T(-)-80=0 (1) 

+ N 12 

IF =0; 0.4Np- 5)=0 [2] 
Solving Egs. [1] and [2] yields 


T=41.6lb N, =96.0 lb 


Hence, Fp = 0.4(96.0) = 38.4 Ib. From FBD (b), 


(+ IM, =0;  100(6.5) +96.0(8) ~41.6(5 y 13) 


+41.6(13) +41.6sin 30°(7) - A, (4) =0 
A, = 474.1 Ib = 474 Ib Ans 





>IF=0; B, + 41.6( = )~384~41.6008 30° =0 
B, = 36.0 lb Ans 
5 
+TIF =0; 474.1 +41.6( = )~41.6 


~ 41.6sin 30° - 96.0- 100- B, =0 
B, = 231.7 lb = 232 Ib Ans 
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e8-17. The 80-lb boy stands on the beam and pulls with a 
force of 40 Ib. If (u,)p = 0.4, determine the frictional force 
between his shoes and the beam and the reactions at A and 
B. The beam is uniform and has a weight of 100 Ib. Neglect 
the size of the pulleys and the thickness of the beam. 























— 5 ft ——-+-+|-—3 ft —— 4 ft — 


Equations of Equilibrium and Friction : From FBD (a). 


; 5 80 Ib 
EF 20; fy-40(—)=0 F; = 36.92 Ib 2 
13 = -7 

l 40 Ib FY) 
Since (Fp) ma: = (H,)Np = 0.4(95.38) = 38.15 lb > Fy, then the boy does 5 
not slip. Therefore, the friction force developed is 

Np 

Fy = 36.92 lb = 36.9 Ib Ans a 

From FBD (b), ce) 


(+ EM; =0;  100(6.5)+95.38(8) -40( =) 


+ 40(13) + 40sin 30°(7) -A, (4) =0 
A, = 468.27 Ib = 468 Ib Ans 


SIF =0; B, + 40( =) ~36.92- 40cos 30° =0 
B, = 34.64 lb = 34.6 Ib Ans 





+ a 468.27 + 40/ : )-40 


13 
- 40sin 30° -95.38 — 100- B, =0 (b) 
B, = 228.27 lb = 228 lb Ans 
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8-18. The tongs are used to lift the 150-kg crate, whose 
center of mass is at G. Determine the least coefficient of 
static friction at the pivot blocks so that the crate can be 
lifted. 























Free - Body Diagram. Since the crate is suspended from the tongs, P must be equal to the weight of the crate; 
i.e, P= 1509.81)N as indicated on the free - body diagram of joint H shown in Fig. a. Since the crate is required 
to be on the verge of slipping downward, F4 and Fg must act upward so that F4 = u,N 4 and Fp = HN pas 
indicated on the free- body diagram of the crate shown in Fig. c. 


Equations of Equilibrium. Referring to Fig. a, 
=F, =@ Fg 008 30° — F yF 00s 30° = 0 Fup = Fur =F 
+ T EF, =0; 150(9.81)— 2F sin30° = 0 F =1471.5N 


Referring to Fig. b, 
(42M c =0; 1471.5.cos 30°(0.5 ) + 1471.5 sin30°(0.275) — N 4 (0.5)—uU N 4 (0.3) = 0 
0.5N 4 + 0.3u.N4 = 839.51 (1) 


Due to the symmetry of the system and loading, Ng = N 4 . Referring to Fig. c, 
+ T EF, =0; 24 N4 —150(9.81)= 0 (2) 


Solving Egs. (1) and (2), yields 


N4 = 1237.57N 
pt, = 0.595 Ans. 


4 






15019-81) N 





(A) 500G.B1)N 
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8-19. Two blocks A and B have a weight of 10 Ib and 6 lb, 
respectively. They are resting on the incline for which the 
coefficients of static friction are u4 = 0.15 and ug = 0.25. 
Determine the incline angle 6 for which both blocks begin 
to slide. Also find the required stretch or compression in the 
connecting spring for this to occur. The spring has a stiffness 








of k = 2 lb/ft. 
Equations of Equilibrium : Using the spring force formula, Fake 6 IG Ib 
= 2x, From FBD (a), Sp 7X 
eth, =0;  2x+F, ~10sin @=0 (1) E 
A 
\+ IF. =0; M,-10cos @=0 [2] 
From FBD (b), (a) i 
+ IF.=0; R-2x-6sinĝ=0 [3] 
Pd gı% 
Friction : If block A and B are on the verge to move, slipping would have to Fap*2X 
occur at point A and B. Hence, F, =u, N, =0.15N, and F =H, p Ns i Ís 
= 0.25N; . Subsütuting these values into Egs. [1], [2], [3] and [4] and solving, we 
have Na 
Cb) 


@=10.6° x=0.184ft Ans 
N, =9.829 Ib N, = 5.897 lb 
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*§-20. Two blocks A and B have a weight of 10 Ib and 6 Ib, 
respectively. They are resting on the incline for which the 
coefficients of static friction are u4 = 0.15 and ug = 0.25. 
Determine the angle 0 which will cause motion of one of 
the blocks. What is the friction force under each of the 
blocks when this occurs? The spring has a stiffness of 
k = 2 lb/ft and is originally unstretched. 








Equations of Equilibrium : Since Block A and B is either not moving or on 
the verge of moving, the spring force F, = 0. From FBD (a), 


i [Db 
+ 3F.=0; F,-10sin0=0 (1) ; f,=0 
a” | 
N+ EF. =0; N,-—l0cos @=0 [2] 
From FBD (b), R 
A 
Je =0, Fj -6sin@=0 (3) 
Na 
\ +25. =0; Ny, —6cos @=0 [4] (a) 


Friction : Assuming block A is on the verge of slipping, then 
F, = H, Na =0.15N, [5] 


Solving Eqs.[1], [2], [3], [4] and [5] yields 


6=8.531° N, =9.889lb F, = 1.483 Ib 
F, =0.89001b Ny = 5.934 Ib 





Since (Fy)... = H g Ma = 0.25(5.934) = 1.483 lb > F,, block B does not 
slip. Therefore, the above assumption is correct. Thus 


@=8.53° F,=148lb =F =0.890lb Ans 
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e8-21. Crates A and B weigh 200 lb and 150 lb, 
respectively. They are connected together with a cable and 
placed on the inclined plane. If the angle 0 is gradually 
increased, determine 0 when the crates begin to slide. The 
coefficients of static friction between the crates and the 
plane are wy = 0.25 and ug = 0.35. 








Free - Body Diagram. Since both crates are required to be on the verge of sliding down the plane, 
the frictional forces F4 and Fg must act up the plane so that F4 = H4 N4 = 0.25N 4 and Fp = Hg Np = 0.35Npg 
as indicated on the free- body diagram of the crates shown in Figs. a and b. 


Equations of Equilibrium. Referring to Fig. a, 


XHA, =0; N4 -2000080 = 0 N 4 = 200cos 8 

+, IF =0; Fop +0.25(200c0s@)~ 200sin 6 = 0 a) 
Also, by referring to Fig. b, 

N, =0; Ng -1500080 = 0 Np = 150c0s8 


¥y SF,» = 0; 0.35(150c0s 8) — Fcp — 150sin@ = 0 (2) 
Solving Eqs. (1) and (2), yields 
@ =16.3° Ans. 
Frp = 8.23 1b 
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8-22. A man attempts to support a stack of books 
horizontally by applying a compressive force of F = 120N 
to the ends of the stack with his hands. If each book has a 
mass of 0.95 kg, determine the greatest number of books 
that can be supported in the stack. The coefficient of static 
friction between the man’s hands and a book is (y,), = 0.6 
and between any two books (u,;), = 0.4. 








Equations of Equilibrium and Friction : Let n” be the number of books 
that are on the verge of sliding together between the two books at the edge. Thus, 
F, = (u,), N = 0.4(120) = 48.0 N. From FBD (a), 

+ T EF =0; 2(48.0)—n'(0.95)(9.81)=0 n’= 10.30 


Let n be the number of books are on the verge of sliding together in the stack 
between the hands. Thus, F =(u,), W = 0.6(120) = 72.0 N. From FBD (b), 


+TEF=0;  2(72.0)-n(0.95)(9.81)=0 n= 15.45 
Thus, the maximum number of books can be supported in stack is 


n= 1042=12 Ans 


N95 NF 61) 





(A) 
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8-23. The paper towel dispenser carries two rolls of paper. 
The one in use is called the stub roll A and the other is the 
fresh roll B. They weigh 2 lb and 5 lb, respectively. If the 
coefficients of static friction at the points of contact C and D 
are (us)c = 0.2 and (y,;)p = 0.5, determine the initial 
vertical force P that must be applied to the paper on the stub 
roll in order to pull down a sheet. The stub roll is pinned in the 
center, whereas the fresh roll is not. Neglect friction at the pin. 


Equations of Equilibrium : From FBD (a), 








(+=Ms=0;  P(3)— (3) =0 [1] 
From FBD (b), 
(+ 2M, = 0; Fo (4) ~ F(4) =0 [2] 


+TIF =0; Nesin 30° + Npsin 45° 
~ F-sin 60° - sin 45°-5 =0 [3] 


EF =0;  Necos30°+ F-cos 60° 
-Npcos 45°- cos 45°=0 [4] 


Friction : Assume slipping occurs at point C. Hence, F = H, Nc =0.2N¢. 
Substituting this value into Egs. [1], [2]. [3] and [4] and solving we have 


Np = 5.773 ib Nc =4.951lb =F = 0.9901 lb 
P = 0.990 ib Ans 


Since Fy < (Fp) aa = (H: )p No = 0.5(5.773) = 2.887 lb, then slipping does 
not occur at point D. Therefore, the above assumption is correct 





5 lb 
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*8-24. The drum has a weight of 100 Ib and rests on the 
floor for which the coefficient of static friction is u, = 0.6. If 
a = 2 ft and b = 3 ft, determine the smallest magnitude of 
the force P that will cause impending motion of the drum. 








Assume that the drum tips : 





isi 
10) + P()@ - P ($)® = 0 
P = 83.3 
- F + 83.3($)= 0 
F = 66.7 lb 
+TZR =O N-100-83.3(2) =0 


N = 150bb 
Face = 0.6(150) = 901b > 66.7 OK 
Drum tps as assumed. 


P= 83.3lb Ans 


e8-25. The drum has a weight of 100 lb and rests on the 
floor for which the coefficient of static friction is u, = 0.5. If 
a = 3 ft and b = 4 ft, determine the smallest magnitude of 
the force P that will cause impending motion of the drum. 








Assume that the drum slips : 


F = 0.5N 





SIF =0; -0.5N+P(z)=0 


+TEF, 20; - p ($) - 100+ =0 


P = 100b 


N = 1601b 


Grm = 0;  160(x) + 100 BE - 100 (SZ) 20 


ee lye LS OK 
Drum slips as assumed. 


P= 100b Ans 
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8-26. The refrigerator has a weight of 180 lb and rests on a 
tile floor for which p, = 0.25. If the man pushes 
horizontally on the refrigerator in the direction shown, 
determine the smallest magnitude of horizontal force 
needed to move it. Also, if the man has a weight of 150 lb, 
determine the smallest coefficient of friction between his 
shoes and the floor so that he does not slip. 














Equations of Equilibrium : From FBD (a), 


+TIF =0; .N-180=0 N=180lb 


+ IF =0; P-F=0 (1) 


(+M, =0; 180(x«)-P(4)=0 (2] | I 5Ft | 


Friction : Assuming the refrigerator is on the verge of slipping, then F = uN 
= 0.25( 180) = 45 lb. Substituting this value into Eqs.[1], and [2] and solving 
yields 

P=45.0lb x= 1.00ft 
Since x < 1.5 ft, the refrigerator does not tip. Therefore, the above assumption 
is correct. Thus 

P= 45.0 lb Ans 

From FBD (b), 


+TIF=0; N,-150=0 MN, =1501b 





JEE =0; E -450=0 F, =45.0lb 


When the man is on the verge of slipping, then 


Fa =H,'N, fa 
45.0 = u,’ (150) (b) 
H,’ =0.300 Ans Nm 
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8-27. The refrigerator has a weight of 180 Ib and rests on a 
tile floor for which u, = 0.25. Also, the man has a weight of 
150 lb and the coefficient of static friction between the floor 
and his shoes is u, = 0.6. If he pushes horizontally on the 
refrigerator, determine if he can move it. If so, does the 
refrigerator slip or tip? 











Equations of Equilibrium : From FBD (a), 


+TIFR =0; N-180=0 N=180Ib 


+=IF=0; P-F=0 [1] 
(+=M, =0;  180(x)-P(4) =0 (2) 
Friction : Assuming the refrigerator is on the verge of slipping, then F = uN 
= 0.25(180) = 45 lb. Substituting this value into Egs.[1], and [2] and solving 
yields 
P=45.0b x= 1.00ft 


Since x < 1.5 ft, the refrigerator does not tip. Therefore, the above assumption 
is correct. Thus, the refrigerator slips. Ans 


From FBD (b), 


+TIF =0; N,-150=0 N, =150lb 


SER =0; F -450=0 F, =45.0bb 


Since (F) aar = Hs Na = 0.6(150) = 90.0 lb > F,, then the man does not slip. 
Thus, The man is capable of moving the refrigerator. Ans 
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*8-28. Determine the minimum force P needed to push 
the two 75-kg cylinders up the incline. The force acts 
parallel to the plane and the coefficients of static friction of 
the contacting surfaces are py = 0.3, ug = 0.25, and 
uc = 0.4. Each cylinder has a radius of 150 mm. 





Since (Fo) aa, = Hy cNe = 0.4(479,52) = 191.81 N > Feand (A) au 
= H, Np = 0.25(794.84) = 198.71 N > F,, slipping do not occur at 
points C and B. Therefore the above assumption is correct 





Equations of Equilibrium : From FBD (a), 75G-61) * 725-5 N 
pf LE 30: P-N, -F ~735.75sin 30° =0 (1) —— A 
W+IF.=0;  Ne+ F, -735.75cos 30° = 0 [2] 
(+EMo =0; F,()-F (7) =0 [3] 
From FBD (b), 
Seth: =0; NN, ~f, -735.75sin 30° =0 [4] a 
R+ER.=0; Ny—F,-735.75cos 30° =0 [S 75(981) “735: 79N 
(+ IM = 0; F, (r) - Fa (r) =0 [6] £ 


Friction : Assuming slipping occur at point A, then A = H, Na = 0.3N,. 
Substituting this value into Egs. [1], [2], [3], [4], [5] and [6] and solving, we 
have 


N, =525.54N N} =794.84N 
Ne = 479.52N F =F, =157.66 N 





P = 1051.07 N = 1.05 kN Ans 
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e8-29. If the center of gravity of the stacked tables is at G, 
and the stack weighs 100 Ib, determine the smallest force P 
the boy must push on the stack in order to cause movement. 
The coefficient of static friction at A and B is u, = 0.3. The 
tables are locked together. 























Free - Body Diagram. The impending motion of the stack could be due to either sliding or tipping about point B. We will 
assume that sliding occurs. Thus, F4 = HN 4 = 0.3N 4 and Fg =U Np = 0.3N p. 


Equations of Equilibrium. Referring to the free- body diagram of the stack shown in Fig. a, 


=F, =Q P c0s30° — 0.3N 4 — 0.3N g =0 
+T ZF, =0; Na +N g + Psin30° —100=0 
(+IM 4 = 0; Np (4)—P cos 30% 3.5) — 100(2)= 0 
Solving, 
P =29.5N Ans. 
N4 =12.9N Np =72.4N 


Since the result for N 4 is a positive quantity, the leg of the chair at A still remains in contact with the floor. This means that the 
stack will not tip. Thus, the above assumption Is correct. 
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8-30. The tractor has a weight of 8000 lb with center of 
gravity at G. Determine if it can push the 550-lb log up the 
incline. The coefficient of static friction between the log and 
the ground is u, = 0.5, and between the rear wheels of the 
tractor and the ground u, = 0.8. The front wheels are free 
to roll. Assume the engine can develop enough torque to 
cause the rear wheels to slip. 


Log : 
PIF, = 0: Me ~ 550cos10 = 0 
Ne = $41.6 ib 
+PEF, = 0, — 0.5 (541.6) - 550 sin 10° + P = 0 
P = 366.3 lb 
Tracwr : 
Ç = 0; 366.3 (1.25) + 8000 (cos 10°) (3) + 8000 (sin 10°) (2.5) - M, (10) = 0 
Na = 2757 tb 
+fEF, = 0; ` F, - 8000 sin 10° - 366.3 = 0 


F, = 1756 1b 





(Fa max = 0.8 (2757) = 2205 Ib > 1756 Ib 


Tractor can move log. Ans 


711 








8 Solutions 44918 1/27/09 1:52 PM Page 712 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


8-31. The tractor has a weight of 8000 lb with center of 
gravity at G. Determine the greatest weight of the log that 
can be pushed up the incline. The coefficient of static 
friction between the log and the ground is p, = 0.5, and 
between the rear wheels of the tractor and the ground 
u; = 0.7. The front wheels are free to roll. Assume the 
engine can develop enough torque to cause the rear wheels 
to slip. 





Tractor : 
GEMs = 0; 8000 (cos 10°) (3) + 8000 (sin 10°) (2.5) + P (1.25) — M (10) = 0 


N, ~ P (0.125) = 2710.8 





+AIF, = 0; 07M ~ 8000sin10° - P = 0 
0.7 N, - P = 1389.2 


N, = 2780 1b 





P = $57.15 lb" 
Log: 
AIF =0 Ne - Woosl0 =0 
+fEF, = 0 $57.15 - Wsin 10’ - 0.5 Ne = 0 
Ne = 824 lb 


W = 836lb Ans 
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*8-32. The 50-kg uniform pole is on the verge of slipping 
at A when 0 = 45°. Determine the coefficient of static 
friction at A. 





















































Free - Body Diagram. By referring to the geometry shown in Fig.”a, 
8 = Scos 45° 
an & = = = 51.62° 
5sin45° j 
@ = 180° — 45° -a = 83.387 





Since the end A of the pole is on the verge of sliding to the left due to Ty , the frictional force F4 must act to the 
right such that F4 = M,N 4 as indicated on the free- body diagram of the pole, Fig. b. 


Equations of Equilibriam. Referring to Fig. b, 


(m, = 0; Tac 3in83.38°(5)— 50(9.81)sin 45°(2.5) = 0 
Tac = 175N 
+ T EF, =0; N4 +209.50sin 51.62° — 50(9.81)= 0 
N4 = 353.6N 
* =F, =Q H (326.26) — 209.50 cos 51.62° = 0 
H; = 0.306 Ans. 
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e§-33. A force of P = 20 lb is applied perpendicular to 
the handle of the gooseneck wrecking bar as shown. If the 
coefficient of static friction between the bar and the wood is 
us = 0.5, determine the normal force of the tines at A on 
the upper board. Assume the surface at C is smooth. 












































3m, 


4IF, =0 20030-A =0 
F, = 17.321b 

GEM = 0; Ma (3) + 17.32 (1) = 20 cos 30° (20) ~ 20 sin 30° (6) = 0 
N, = 129.7 [b =130lb Ans 
Faa = 0.5 (129.7) = 64.8 lb > 17.32 bb 


The bar will not slip. 
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8-34. The thin rod has a weight W and rests against the 
floor and wall for which the coefficients of static friction are 
ua and pp, respectively. Determine the smallest value of 0 
for which the rod will not move. 





Equations of Equilibrium : 
SIF =0; A-N =0 
+TIF=0 MN+Ę-W=0 


(+M, =0; Ny, (Lsin 6) + F; (cos 6)/- Wcos o(5)=0 


Friction : If the rod is on the verge of moving, slipping will have to occur 
at points A and B. Hence, F, = u, N, and Fy = Hg Na Substituting these values 
into Egs.{1], [2] and [3] and solving we have 


oe aM 
I+pylp =” +a 
g= an (--Eafs ) 


A 


2Ha 


8-35. A roll of paper has a uniform weight of 0.75 Ib and 
is suspended from the wire hanger so that it rests against 
the wall. If the hanger has a negligible weight and the 
bearing at O can be considered frictionless, determine the 
force P needed to start turning the roll if 6 = 30°. The 
coefficient of static friction between the wall and the paper 
is u, = 0.25. 





“EF = 0; NM — Rsin30° + Psin30° = 0 
+TEF =0; Recos 30° - 0.75 - P cos 30°- 0.25N, = 0 
GEMo =0; 0.25M, 3) -P (3) =0 
Solving for P, 
R = 1.141b 
Na = 0.506 lb 2,751b 


P = 0.127 lb Ans 
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*8-36. A roll of paper has a uniform weight of 0.75 Ib and 
is suspended from the wire hanger so that it rests against 
the wall. If the hanger has a negligible weight and the 
bearing at O can be considered frictionless, determine the 
minimum force P and the associated angle 0 needed to start 
turning the roll. The coefficient of static friction between 
the wall and the paper is u, = 0.25. 











EFR =0; WM -Rsin30 + Pesing = 0 
+TEF, = 0; Ros 30° - 0,75 — P cos - 0.25N, = 0 
(+E Mo =0 0.25% (3)- P(3) = 0 


Solving for P, 


0.433013 


= Gases anO-05TT330030) P 


P 


For maximum or minimum P, — 





dP _ 0 = (0.433013) (cos @ + 0.57735 sin 8) _ 


dé (3.4226 + sin @ — 0.57735 cos 6 — 
cos @ + 0.57735 sin @ = 0 

tan = — 1,732 

@ = — 60° or 120° 


For minimum P choose 6 = 120°, since Ny would be smaller than for @ = - 60°. 
Also, a comparison could be made from substitution into Eg. (1). Using @ = 120°, 


0.433013 = 0.09461b Ans 


P = Gan26 + sin 120° — 0.57735 cos 120°) 
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e8-37. If the coefficient of static friction between the 
chain and the inclined plane is u, = tan 0, determine the 
overhang length b so that the chain is on the verge of 
slipping up the plane. The chain weighs w per unit length. 






























































Free - Body Diagram. The tension developed in the chain at the end of the inclined plane is equal to the weight 
of the overhanging chain, i.e. T= wb. Since the chain is required to be on the verge of sliding up the plane, the 


frictional force F must act down the plane so that F = H N = tan@N as indicated on the free- body diagram of the 
chain shown in Fig. a. 


Equations of Equilibrium. 
TER,’ = 0; N- wacos 0 = 0 N = wacos 6 
by hx’ =0; wb- wa sin — tan@( wacos @)= 0 
b = 2asin 
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8-38. Determine the maximum height h in meters to 
which the girl can walk up the slide without supporting 
herself by the rails or by her left leg. The coefficient of static 
friction between the girl’s shoes and the slide is u, = 0.8. 








Free - Body Diagram. Since the girl is required to be on the verge of slipping down, the frictional 
force F must act upwards so that F = H N = 0.8N as indicated on the free- body diagram of the girl 
shown in Fig. a. 


Equations of Equilibrium. Referring to Fig. a, 


RIEF, = 0; N — mecos@ =0 N = mecos@ 
ty SF, =0; 0.8(mg cos@)-mgsind=0 tnd=08 


From the geometry of the slide, we have 


JG 


= Zi Thus, 
3 


Ler 
Fen 


2 
=x = 0.8 
Tx 


x=1.2m 


Therefore, 


h= =(1.2)? = 0.48m Ans. 
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8-39. If the coefficient of static friction at B is u, = 0.3, 
determine the largest angle 0 and the minimum coefficient 
of static friction at A so that the roller remains self-locking, 
regardless of the magnitude of force P applied to the belt. 
Neglect the weight of the roller and neglect friction 
between the belt and the vertical surface. 





Free - Body Diagram. Since the belt is required to be on the verge of slipping downwards, the frictional force F g 
must act downward on the rod so thatFz = H,N g = 0.3N g as indicated on the free - body diagram of the cylinder 
shown in Fig. a. 


Equations of Equilibrium. Referring to Fig. a, 


(+m A =0; N p (0.03 sin )— 0.3N g (0.03 + 0.03 cos8 )= 0 
sin — 0.3cos 0 = 0.3 
@ = 33.40° = 33.4° Ans. 
=F, =¢ F; sin 33.40° +N 4 cos 33.40° -N g = 0 
+ TEF, =0; N 4 sin 33.40° — F4 cos 33.40° -0.3Ng = 0 
Solving, 


Fa =0.3Ng N4 =Ng 


To prevent slipping at A, the coefficient of static friction at A must be at least 


F, 0.3N 
p, === Pca A 0.3 Ans, 
Na Np 
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*§8-40. If 6 = 30°, determine the minimum coefficient of 
Static friction at A and B so that the roller remains self- 
locking, regardless of the magnitude of force P applied to 
the belt. Neglect the weight of the roller and neglect friction 
between the belt and the vertical surface. 





Free - Body Diagram. Since the belt is required to be on the verge of slipping downwards, the frictional force Fp 
must act downward on the roller so that Fp = HN g as indicated on the free- body diagram of the roller shown in 
Fig. a. 


Equations of Equilibrium. Referring to Fig. a, 


(+M A =0; N g (0.03 sin30°) — H N g( 0.03 + 0.03 cos 30°) = 0 
[Ls = 0.2679 = 0.268 Ans, 
IF, =Q F, sin 30°+N 4 sin 60°—N g =0 
+ T FF, =0; -F4 cos 30° + N4 cos 60° — 0.2679N p = 0 
Solving, 


Fa = 0.2679N g NA =Npg 


To prevent slipping at A, the coefficient of static friction at A must be at least 
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e8-41. The clamp is used to tighten the connection 
between two concrete drain pipes. Determine the least 
coefficient of static friction at A or B so that the clamp does 
not slip regardless of the force in the shaft CD. 








Free - Body Diagram. Since member CA tends to move to the right, the frictional force F4 must act to the left as 
indicated on the free- body diagram of member CA shown in Fig. a. 


Equations of Equilibriam. Referring to Fig. a, 
ŽIR =Q Fca cos68.20°-— F4 = 0 Fa = 0.3714 Fey 
+ TIF, =0; Fe, sin68,20°-N 4 =0 Na = 0.9285 F4 


To prevent slipping at A, the coefficient of static friction at A must be at least 
Fa 0.3714 Fe 


Gl tle 4 
Us", 0.9285Ir4 
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8-42. The coefficient of static friction between the 150-kg 
crate and the ground is pw, = 0.3, while the coefficient of 
static friction between the 80-kg man’s shoes and the 
ground is u; = 0.4. Determine if the man can move the 
crate. 





Free - Body Diagram. Since P tends to move the crate to the right, the frictional force Fe will act to the 

left as indicated on the free - body diagram shown in Fig. a. Since the crate is required to be on the verge of 
sliding the magnitude of Fe can be computed using the friction formula, i.e. Fo = .Nc = 0.3 Nc. As indicated 
on the free- body diagram of the man shown in Fig. b, the frictional force F,,, acts to the right since force P has 
the tendency to cause the man to slip to the left. 


Equations of Equilibrium. Referring to Fig. a, 


+ Î IF, =0; Nc +P sin30° — 150(9.81)= 0 
IF, =Q P cos30°- 0.3Nc =0 
Solving, 

P = 434.49N 

Ne = 1254.26N 


Using the result of P and referring to Fig. a, we have 
+T £F, = 0; N m — 434.49sin30° — 809.81) = 0 N m = 1002.04 N 


> =F, =Q Fi, — 434.49c0s30° = 0 Fn = 376.28N 


Since Fy, < Fax = Us Nm = 0.4(1002.04) = 400.82 N, the man does not slip. Thus, 
he can move the crate. Ans. 


I50(9-8U N 
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8—43. If the coefficient of static friction between the crate 
and the ground is p, = 0.3, determine the minimum 
coefficient of static friction between the man’s shoes and 
the ground so that the man can move the crate. 





Free - Body Diagram. Since force P tends to move the crate to the right, the frictional force Fe will act to the 
left as indicated on the free - body diagram shown in Fig. a. Since the crate is required to be on the verge of 
sliding, Fe = U,Nc =0.3 Nc. As indicated on the free - body diagram of the man shown in Fig. b, the frictional 
force F acts to the right since force P has the tendency to cause the man to slip to the left. 


Equations of Equilibrium. Referring to Fig. a, 


+ Î IF, = 0; Nc +P sin30° — 150(9.81)= 0 
+ =F, =Q P cos 30° ~ 0.3Nc = 0 
Solving yields 

P = 434.49 N 

Nc = 1254.26 N 


Using the result of P and referring to Fig. a, 
+? IF, = 0; N m — 434.49 sin 30° — 809.81) = 0 N m = 1002.04 N 


+ =F, =0 Fr, ~ 434.49 cos 30° = 0 F„ = 376.28N 


Thus, the required minimum coefficient of static friction between the man's shoes and the ground is given by 


, _ Ën _ 37628 


u; =— = = 0.376 Ans. 
Nm 1002.04 


IS50(98U N 





(b) 
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*8—44. The 3-Mg rear-wheel-drive skid loader has a center 
of mass at G. Determine the largest number of crates that 
can be pushed by the loader if each crate has a mass of 
500 kg. The coefficient of static friction between a crate and 
the ground is u, = 0.3, and the coefficient of static friction 
between the rear wheels of the loader and the ground is 
u, = 0.5. The front wheels are free to roll. Assume that the 
engine of the loader is powerful enough to generate a 
torque that will cause the rear wheels to slip. 








Free - Body Diagram. Since the frictional force F4 provides the driving force to the skid roller which is about to move 

to the right, it must act to the right as indicated on the free - body diagram shown in Fig. a.Here, F4 is required to be 
maximum, i.e., Fa = HN 4 = 0.5N 4 . Since the crates are required to be on the verge of slipping to the right, the frictional 
force Fc must act to the left so that Fo = ,;Nc = 0.3N¢ as indicated on the free - body diagram of the crate shown in Fig. b. 


Equations of Equilibrium. Referring to Fig. a, 


(+M; =0; P(0.3)+ 3000(9.81)(0.75)—N 4(1) = 0 
=F, =0, 0.5N 4—-P=0 
Solving, 


P =12983.82N N4 = 25967.65N 


Using the result of P and referring to Fig. b, 
+ TF, =0; Nc —n(500)(9.81) = 0 Nc = 4905n 


TIR = 12983.82— 0.X4905n)= 0 n = 8.82 


Thus, the largest number of crates that can be pushed by the skid roller is 
n=8 Ans. 


3000(9-BI)N 
N(S00X9-B1) N 
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e8-45. The 45-kg disk rests on the surface for which the 
coefficient of static friction is u4 = 0.2. Determine the 
largest couple moment M that can be applied to the bar 
without causing motion. 


45 (7.0) N 


(+EM, =0; F, = B, = 02N, 


B, - 0.2N, = 0 





N, - B, - 45(9.81) = 
N, = 5518 N 


j ‘ie 
B, = 110.4 N [a 
a 


B, = 110.4 N K 


~110.4(0.3) — 110.4(0.4) + M= 0 


M =773N-m Ans 





8-46. The 45-kg disk rests on the surface for which the 




















coefficient of static friction is u4 = 0.15. If M = 50N-m, -— 300 mm 4 
: - CG. 
determine the friction force at A. @ | 
M 
400 mm 
B o i k- 
125 mm 








Bar: 
SONM 
>Q = 
“+EM. =0; -B,(0.3) - B,(0.4) + 50 = 0 { | Dm 
. bx < 3 
SEF, = 0; B =G t 
by o3 
+ TIF = 0; G 
Disk 
ŽEF, = Ü; B, = F 
+TER = 0; N, — B, ~ 45(9.81) = 0 
(+IM, = 0; B, (0.125) — Ę (0.125) = 0 
N, = 512.9N 
R = 714N Ans 


(E )mar = 0.15(512.9) = 76.93 N > 71.43N 


No motion of disk. 
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8-47. Block Chas a mass of 50 kg and is confined between 
two walls by smooth rollers. If the block rests on top of the 
40-kg spool, determine the minimum cable force P needed 
to move the spool. The cable is wrapped around the spool’s 
inner core. The coefficients of static friction at A and B are 
ua = 0.3 and upg = 0.6. 





+TIF = 0: Ns — 40(9.81) — 50(9.81) = 0 


Ng = 882.9 N 


(+ EMo = 0:  F,(0.4) - Fy(0.4) + P(0.2) = 0 


IE; =0; -F, +P-f = 0 
Assume spool slips at A, then 

Fa = 0.3(50)(9.81)= 147.2 N 
Solving, 

Fy = 441.4N 

P = 589 N 

Ns = 882.9 N 


Since (Fg hee = 0.6(982.9) = 529.7 N > 441.4 N 


*8-48. Block C has a mass of 50 kg and is confined 
between two walls by smooth rollers. If the block rests on 
top of the 40-kg spool, determine the required coefficients 
of static friction at A and B so that the spool slips at A and 
B when the magnitude of the applied force is increased to 
P = 300N. 


EF, 20; 30-K- fy 20 


F,(0.8) - 300(0.2) = 0 
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e8§—49. The 3-Mg four-wheel-drive truck (SUV) has a 
center of mass at G. Determine the maximum mass of the 
log that can be towed by the truck. The coefficient of static 
friction between the log and the ground is u, = 0.8, and the 
coefficient of static friction between the wheels of the truck 
and the ground is u; = 0.4. Assume that the engine of the 
truck is powerful enough to generate a torque that will 
cause all the wheels to slip. 








Free - Body Diagram., Since the truck is about to move to the right, its driving force F, provided by the friction of 
all the wheels must act to the right as indicated on the free - body diagram of the truck shown in Fig. a. Here, F, is 


required to be maximum, thus F; = p.’(N4 +N p)=0.4(N, +Np ).Since the log is required to be on the verge of 
sliding to the right, the frictional force F; must act to the left such that F; = u,N ; = 0.8N). 


Equations of Equilibrium. Referring to Fig. a, we have 


+ T EF, =0; N4 +N pg — 3000(9.81) = 0 Na +N p = 29430N 
SIF, =Q, 0.4(29430)— T = 0 T =11772N 
(+2Mp = 0; N 4 (2.8) + 11772(0.5) — 3000(9.81)(1.6) = 0 


Na = 14715N > 0(OK!) 


Using the result of T and referring to Fig. b, we have 
+ T EF, =0; N- m)(9.81) = 0 N; =9.81m, 
=F, =Q 11772- 0.&9.81m, ) = 0 m= 1500 kg 


30009 -B1)N (, LPB 





F= 0:4 CN? AN, ) 
(Bd ) 
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8-50. A 3-Mg front-wheel-drive truck (SUV) has a center 
of mass at G. Determine the maximum mass of the log that 
can be towed by the truck. The coefficient of static friction 
between the log and the ground is p, = 0.8, and the 
coefficient of static friction between the front wheels of the 
truck and the ground is u; = 0.4. The rear wheels are free to 
roll. Assume that the engine of the truck is powerful enough 
to generate a torque that will cause the front wheels to slip. 











Free - Body Diagram. Since the truck is about to move to the right, its driving force F4 provided by the friction of 
the front wheels must act to the right as indicated on the free- body diagram of the truck shown in Fig. a. Here, F4 is 


required to be maximum, so that F4 = uş N4 = 0.4N 4. Since the log is required to be on the verge of sliding to the right, 
the frictional force F; must act to the left such that F; = HN; =0.8N ;. 


Equations of Equilibrium. Referring to Fig. a, we have 
IF, =Q 0.4N, -T=0 (1) 
t=M B= 0; T(0.5)+ N 4 (2.8) — 3000(9.81)(1.6) = 0 (2) 


Solving Eqs. (1) and (2) yields 
Na =15696N T= 6278.4N 


Using the result of T and referring to Fig. b, we have 
+ T EIF, =0; N; - m)(9.81) = 0 N; =9.81m; 
+ =F, = 6278.4 — 0.&9.81m,) = 0 m; = 800 kg 


3000F-B1) N (2)(G.81) 
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8-51. Ifthe coefficients of static friction at contact points 
A and B are p, = 0.3 and u; = 0.4 respectively, determine 
the smallest force P that will cause the 150-kg spool to have 
impending motion. 





Free - Body Diagram. There are two possible modes of impending motion for the spool. The first mode is as the 
spool slips at A and Band is on the verge of rotating. The second mode is as point A of the spool just loses contact 
with the ground and the spool is on the verge of rolling about point B without slipping. We will assume that the first 


mode of motion occurs. Thus, F4 = 1 ;N 4 =0.3N 4 and Fp = H; N g =0.4Np. 


Equations of Equilibrium. Referring to the free- body diagram of the spool shown in Fig. a, 


* =F, =Q 0.3N4 +0.4N pg cos 51.32°— Np sin51.32°+ P=0 

+ TF, =0; N4 +N g c0s51.32° + 0.4N p sin51.32° — 1509.81) = 0 
Mo = 0; 0.3N 4 (0.4)+ 0.4N p(0.4)— P(0.2) = 0 

Solving, 


Na =-690.39N Np =2306.63N P=1431.07N 


Since the result of N4 is a negative quantity, point A loses contact with the ground which indicates that the above assumption 
is incorrect. Thus, the solution must be reworked based on the second mode of motion. In this case, N4 = 0 so that F4 = 0. 
Referring to Fig. a, 
Gms = 0; 150(9.81)(0.4sin 51.32°) — P(0.2+ 0.4cos 51.32°)= 0 
P =1021.05N =1.02kN Ans. 


150(9-60) N 


P 


>n- l £250 
COs’ “400 


= 5/32" 
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*§-52. If the coefficients of static friction at contact points 
A and B are u, = 0.4 and py = 0.2 respectively, determine 
the smallest force P that will cause the 150-kg spool to have 
impending motion. 





Free - Body Diagram. There are two possible modes of impending motion for the spool. The first mode is as the 
spool slips at A and Band is on the verge of rotating. The second mode is as point A of the spool just loses contact 
with the ground and the spool is on the verge of rolling about point B without slipping. We will assume that the first 


mode of motion occurs. Thus, F4 = U.N, =0.4N 4 and Fg =p Np =0.2N p. 


Equations of Equilibrium, Referring to the free- body diagram of the spool shown in Fig. a, 


tI =0 0.4N 4 +0.2Np cos 51.32°—N p sin51.32°+P = 0 
+ TIF, =0; N4 +0.2Np sin51.32° + Ng 00s 51.32° — 150(9.81) = 0 
Gmo =0; 0.4N 4 (0.4)+ 0.2N g (0.4) - P(0.2)= 0 
Solving, | 
P = 84N Ans. 


Na =315.31N Np = 1480.17 N 


Since the result of N4 is a positive quantity, point A will remain in contact with the ground. Thus, the above 
assumption is correct. 
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e8-53. The carpenter slowly pushes the uniform board p 18 ft ` 
horizontally over the top of the saw horse. The board has a ~Y 

uniform weight of 3 Ib 7 ft, and the saw horse has a weight 
of 15 lb and a center of gravity at G. Determine if the saw 
horse will stay in position, slip, or tip if the board is pushed 
forward when d = 10 ft. The coefficients of static friction 
are shown in the figure. 














Board : 
( + ZMp = 0; — 54(9) + N(10) = 0 


N = 48.6 Ib 





To cause slipping of board on saw horse: 


P, =F, = 05N = 243 1b agaib 
Saw horse : Fr 
|S 'b 
To cause slipping at ground ; 
P, = F = Ra = 0.3(48.6 + 15) = 19.08 Ib teorii 
To cause tipping: 4B -blb 
| £ 
E 
C+EM =0; (48.6 + 15)(1) - R (3) = 0 
Sib 
3} 
R, = 21.2 lb 
f É. 
Thus, R, = 19.1 Ib | le N 
xo | 
‘Fhe saw horse will start to slip. Ans 
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8-54. The carpenter slowly pushes the uniform board < 18 ft - 
horizontally over the top of the saw horse. The board has a sf 

uniform weight of 3 lb/ft, and the saw horse has a weight of 
15 lb and a center of gravity at G. Determine if the saw 
horse will stay in position, slip, or tip if the board is pushed 
forward when d = 14 ft. The coefficients of static friction 
are shown in the figure. 











Board : 
\+EMp = 0; -54(9) + N(14) = 0 


N = 34.714 lb 





To cause slipping of board on saw horse : 


R, = Faa = OSN = 17,36 Ib 3 4.7)43 lb 
Saw horse: iS\ib 
To cause slipping at ground : | 

r T 
R, = F = Rya = 0.3(34.714+ 15) = 14.91 lb N=47714 Ib 
To cause tipping: 


(\+=M, =0; (34.714 + 15)(1) - B(3) = 0 


FE, = 16,57 lb 





Thus, P = 149 Ib 


The saw horse will start to slip. Ans 
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8-55. Ifthe 75-lb girl is at position d = 4 ft, determine the 
minimum coefficient of static friction u, at contact points A 
and B so that the plank does not slip. Neglect the weight of 
the plank. 

















Free - Body Diagram. Here, we will assume that the plank is on the verge of rotating counterclockwise due to 
of the girl' s weight. Thus, the frictional forces F4 and Fg must act in the direction as indicated on the free- body 
diagram of the plank shown in Fig. a so that F4 = H,N 4 and Fg = HN p. 


Equations of Equilibrium. Referring to Fig. a, 


(+2M Lan Np sin 45°12) — Ng sin45°(12) — 75(4) = 0 
(+g = 0; 75(8)— Na sin30°(12)- u N 4 sin60°(12) = 0 
— LF, =0; N 4 cos 30° — L N 4 cos 60° — N p cos 45° — N pg cos 45° = 0 
Solving, 
LH, = 0.304 Ans. 


Na =65.5 1b Np = 50.77 Ib 


Since the result of u, is a positive quantity, the above assumption is correct. 
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*$-56. If the coefficient of static friction at the contact 
points A and B is u, = 0.4 ,determine the minimum distance 
d where a 75-lb girl can stand on the plank without causing it 
to slip. Neglect the weight of the plank. 














~ 12 ft - 











Free - Body Diagram. The weight of the girl tends to cause the plank to have counterclockwise and 

clockwise rotational motion when she is at the position d = d and d = d3, respectively. The free - body 
diagram of the plank for oth cases are shown in Figs. a and b. Since ends A and B of the plank are required 

to be on the verge of slipping the frictional forces F4 and Fg for both cases can be computed using F4 = H sN A 
=0.4N 4 and Fp = LNp =0.4Np. 


Equations of Equilibrium. Referring to Fig. a, we have 


(+2M 4 = 0; Np sin 45°(12)—0.4N g sin45°(12)— 75d = 0 (1) 
(+=M g = 0; 75(12 -d)— Na sin30°(12)—0.4N, sin 60°(12)= 0 (2) 
> IF, =0; N 4 cos 30° —0.4N 4 cos 60° — N g 00845° — 0.4N g cos 45° = 0 (3) 
Solving, . 

d = 3.03ft Ans. 

Na = 66.26 Ib 

Np = 44.58 Ib 
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e8-57. If each box weighs 150 lb, determine the least 
horizontal force P that the man must exert on the top box in 
order to cause motion. The coefficient of static friction 
between the boxes is u, = 0.5, and the coefficient of static 
friction between the box and the floor is wy = 0.2. 











Free - Body Diagram. There are three possible motions, namely (1) the top box slides, (2) both boxes slide together 
as a single unit on the ground, and (3) both boxes tip as a single unit about point B. We will assume that both boxes 


slide together as a single unit such that F = 1, N = 0.2N as indicated on the free - body diagram shown in Fig. a. 


Equations of Equilibrium. 
+ T FF, =0; N -150-150=0 
t =F, =@ P-0.2N=0 
(+2Mo = 0; 150(x) + 150(x)— P(5) = 0 
Solving, 
N=300 x=Ift 
P = 601b Ans. 


Since x < 1.5 ft, both boxes will not tip about point B. Using the result of P and considering the equilibrium of the 
free- body diagram shown in Fig. b, we have 
+ Î IF, =0; N’-150=0 N’ = 1501b 


LEF. = 0 60-F’=0 F’ = 601b 


Since F” < Fnax = HN’ = 0.5(150)= 75 lb, the top box will not slide. Thus, the above assumption is correct. 


130 Ib ISO Ib 
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8-58. If each box weighs 150 Ib, determine the least 
horizontal force P that the man must exert on the top box in 
order to cause motion. The coefficient of static friction 
between the boxes is u, = 0.65, and the coefficient of static 
friction between the box and the floor is uw, = 0.35. 




















Free - Body Diagram. There are three possible motions, namely (1) the top box slides, (2) both boxes slide together 
as a single unit on the ground, and (3) both boxes tip as a single unit about point B. We will assume that both boxes 
tip as a single unit about point B. Thus, x = 1.5 ft. 


Equations of Equilibrium. Referring to Fig. a, 


+ Î IF, =0; N -150-150=0 
=F, =Q P-F=0 
(+2M p = 0; 150(1.5)+ 150(1.5)— P(5) = 0 
Solving, 
P =90Ib Ans. 


N=300lb F=90lb 


Since F < Fnax = HN’ = 0.35(300)= 105 Ib, both boxes will not slide as a single unit on the floor. Using the result of P 
and considering the equilibrium of the free - body diagram shown in Fig. b, 


+ T IF, =0; N’-150=0 N’=150Ib 
=F, =Q 90-F’=0 F’ = 901b 


Since F’ < Fnax = Hs N’ = 0.65(150) = 97.5 Ib, the top box will not slide. Thus, the above assumption is correct. 


150 Ib 150 Ib 
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8-59. Ifthe coefficient of static friction between the collars 
A and B and the rod is u, = 0.6, determine the maximum 
angle 0 for the system to remain in equilibrium, regardless of 
the weight of cylinder D. Links AC and BC have negligible 
weight and are connected together at C by a pin. 





Free - Body Diagram. Due to the symmetrical loading and system, collars A and B will slip simultaneously. Thus, it is sufficient 
to consider the equilibrium of either collar. Here, the equilibrium of collar B will be considered. Since collar B is required to be 


on the verge of sliding down the rod the friction force Fp must act up the rod such that Fp = H,N pg = 0.6N pg as indicated on the 
free - body diagram of the collar shown in Fig. a. 


Equations of Equilibrium. 
PNE, = 0; Ng — Fac sin(75°-0)= 0 Np = Fac sin(75°-6) 
WEF, =0; 0.6[F gr sin(75° -0)]— Fac cos(75°— 6) = 0 

tan(75° — 6) = 1.6667 

6 =16.0° Ans. 
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*8-60. If 6 = 15°, determine the minimum coefficient of 
static friction between the collars A and B and the rod 
required for the system to remain in equilibrium, regardless 
of the weight of cylinder D. Links AC and BC have 
negligible weight and are connected together at C by a pin. 





Free - Body Diagram. Due to the symmetrical loading and system, collars A and B will slip simultaneously. Thus, it is sufficient 

to consider the equilibrium of either collar. Here, the equilibrium of collar B will be considered. Since collar B is required to be 

on the verge of sliding down the rod the friction force Fz must up the rod such that Fg = HN pg = 0.6N p as indicated on the free - body 
diagram of the collar shown in Fig. a. 


Equations of Equilibriam. 
iF, =0; Ng —Fp sin 60°= 0 N pg = 0.8660 F_- 
LF, =0; p;[0.8660F gc |— Fac cos60° = 0 
H, = 0.577 Ans. 
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e8-61. Each of the cylinders has a mass of 50 kg. If the 
coefficients of static friction at the points of contact are 
ua = 0.5, ug = 0.5, uc = 0.5, and up = 0.6, determine the 
smallest couple moment M needed to rotate cylinder E. 





Equations of Equilibrium : From FBD (a), 





SER 20; Np-R=0 m 5019:81) =4905 4 
+TER=0 No+h~4905=0 (2] 
(+My =0;  M-F-(0.3)-F(0.3) =0 [3] (a) 
From FBD (b), 
SEIR=0; M, +h-Np=0 [4] 
+ÎIE =0 M-F -F -490.5=0 [5] 50(9-81)=490.5 N 
Grim, =0;  F,(0.3)+% (0.3)-F,(03) <0 [6] 


Friction : Assuming cylinder E slips at points C and D and cylinder F does not 
move, then F = H, ce = 0.5N¢ and Fy = H, pp = 0.6Np. Substituting 
these values into Eqs.(1), [2] and [3] and solving, we have 


Ne = 377.31 N Np = 188.65 N 
M = 90.55 N - m = 90.6 N -m Ans 





If cylinder F is on the verge of slipping at point A , then F, = ut, Na = 0.5N,. 
Substitute this value into Egs. [4], [5] and [6] and solving, we have 


N,=150.92N Ny =679.15N FF, =37.73N 


Since (Fy) aar = H, g Na = 0.5( 679.15) = 339.58 N > F, cylinder F does 
not move. Therefore the above assumption is correct. 
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8-62. Blocks A, B, and C have weights of 50 lb, 25 Ib, and 
15 Ib, respectively. Determine the smallest horizontal force P 
that will cause impending motion. The coefficient of static 


friction between A and B is p, = 0.3, between B and So A 
C, u; = 0.4, and between block C and the ground, 
ip = 0.35. 


LLL L L a a a a a a a a a a a a a LL 





Free - Body Diagram. Due to the constraint, block A will not move. Therefore, there are two possible cases 

of impending motion, namely (1) block B slips on top of block C or (2) blocks B and C slip on the ground and 

move as a single unit. For both cases, slipping occurs at the contact surface between blocks A and B. By considering 
the free- body diagram of block A shown in Fig. a, we obtain N4 = 50 Ib. Thus, Fy = u.N4 = 0.X50)= 15 lb. We 


will assume that the first case of motion occurs. Thus, Fg = Hs N p. 


Equations of Equilibrium. Referring to the free- body diagram of block B shown in Fig. b, 
+ TEF, =0; Ng -3-25=0 Np =75 |b 
TIF, =Q P-15-0.4(75)=0 P=45lb Ans. 


Using this result and referring to the free - body diagram of blocks B and C shown in Fig. a, 
+ T XK, =0; Ne -50-25-15=0 Nc = 9 Ib 
+ IF, =Q 45 -15-F- =0 Fp = 30 lb 


Since F- <(Fo)max = H; Nc = 03590)= 31.5 Ib, the system of the blocks B and C will not slip. Thus, the above assumption 
is correct. 
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8-63. Determine the smallest force P that will cause 
impending motion. The crate and wheel have a mass of 
50 kg and 25 kg, respectively. The coefficient of static 
friction between the crate and the ground is p, = 0.2, and 
between the wheel and the ground u; = 0.5. 





Free - Body Diagram. There are two possible motions, namely (1) the crate slips while the wheel rolls without slipping and (2) the wheel 
slips and rotates while the crate remains stationary. We will assume that the first mode of motion occurs. Thus, Fe = p.Nc =0.2Ne. 


Equations of Equilibrium. Referring to the free- body diagram of the crate shown in Fig. a, 
+ TX, = 0; Ne -50(9.81)= 0 Nc = 490.5 N 
* SF, =0 T- 0.X490.5)= 0 T = 98.1N 


Using the result for Tand referring to Fig. b, 


+IM, =0; 98.1(0.3)— P(0.6)= 0 P =49.05N =49.0N Ans. 
* SF, =Q F, +49.05-98.1=0 F, = 49.05 N 
+ T EF, =0; N,, —25(9.81)= 0 Ny = 245.25 


Since Fy < Fmax = Ls N = 0.4245.25)= 122.63N, the wheel will not slip. Thus, the above assumption is correct. 


509.81) N A5C-BIN 
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*8-64. Determine the smallest force P that will cause 
impending motion. The crate and wheel have a mass of 
50 kg and 25 kg, respectively. The coefficient of static 
friction between the crate and the ground is p, = 0.5, and 
between the wheel and the ground p, = 0.3. 





Free - Body Diagram. There are two possible motions, namely (1) the crate slips while the wheel rolls without slipping and (2) the whee 


slips and rotates while the crate remains stationary.We will assume that the second mode of motion occurs. Thus, Fy = Us’ Ny = 0.3Ny. 


Equations of Equilibrium. Referring to the free- body diagram of the wheel shown in Fig. b, 


+ T EF, =0; Ny —25(9.81)= 0 Ny = 245.25 N 
(+2M 0 = 0; 0.245.25 (0.3) — P(0.3) = 0 P = 73.575N =73.6N Ans. 
t IF, =0 73.575 + 0.X245.25)-T = 0 T =147.15N 


Using the result for T and referring to the free - body diagram of the crate in Fig. a, 
+ T IF, =0; Nc —50(9.81)= 0 Nc = 490.5 N 


t =F, =Q 147.15- Fo =0 Fç = 147.15N 


Since Fo <(FE)max = UsNc = 0.4490.5)= 245.25 N, the crate will not slip. Thus, the above assumption is correct. 


509-8) N 25(G-B)N 


Ne 
(A) 
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e8—65. Determine the smallest horizontal force P required 
to pull out wedge A. The crate has a weight of 300 lb and the 
coefficient of static friction at all contacting surfaces is 
bts = 0.3. Neglect the weight of the wedge. 








Free - Body Diagram. Since the crate is on the verge of sliding down and the wedge is on the verge of sliding to the 

left, the frictional force Fg on the crate must act upward and forces Fc and Fp on the wedge must act to the right as 
indicated on the free- body diagrams as shown in Figs. a and b. Also, Fg = U;Np = 0.3N g, Fo = UsNc = 0.3Nc, and 
Fp = H Np = 0.3N p. 


Equations of Equilibrium. Referring to Fig. a, 


+ =F, =Q Ng -0.3Nc = 0 
+ TIF, =0; Nc +0.3Ng —300=0 
Solving, 


Np = 82.571b Nç = 275.23 |b 


Using the result of Nc and referring to Fig. b, we have 


+ T IF, =0; Np 008 15° +0.3N p sin15°-275.23=Q Np = 263.74 Ib 
t =F, =Q 0.X275.23)+ 0.X263.74) cos 15° — 263.74 sin 15° — P = 0 
P = 90.7 ib Ans. 
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8-66. Determine the smallest horizontal force P required 
to lift the 200-kg crate. The coefficient of static friction at 
all contacting surfaces is uw, = 0.3. Neglect the mass of 
the wedge. 





Free - Body Diagram. Since the crate is on the verge of sliding up and the wedge is on the verge of sliding to the 

right, the frictional force F4 on the crate must act downward and forces Fp and Fo on the wedge must act to the left 

as indicated on the free- body diagrams as shown in Figs. a and b. Also, F4 = U;N4 = 0.3N 4, Fg = H;Npg = 0.3N g „and 
Fo =UsNc =0.3Nc. 


Equations of Equilibrium. Referring to Fig. a, 


t =F, =O 0.3Ng -N4 =0 
+ T XK, =0; Np -0.3N,4 —200(9.81)= 0 
Solving, 


N4 =646.81N Np =2156.04N 


Referring to Fig. b, 


+ T EF, =0; Nc cos 15° — 0.3Nc sin15°—2156.04 =0 Nç = 2427.21N 
=F, =Q P — 0.%2156.04) — 2427.21 sin15° — 0.X2427.21)cos 15° = 0 
P =1978.37N =1.98N Ans. 


KO0G$31) ka 
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8—67. Determine the smallest horizontal force P required 
to lift the 100-kg cylinder. The coefficients of static friction 
at the contact points A and B are (p,),4 = 0.6 and 
(us)g = 0.2, respectively; and the coefficient of static 
friction between the wedge and the ground is u, = 0.3. 








Free - Body Diagram. There are two possible modes of motion for the cylinder, namely (1) the cylinder rolls about 
point A and slips at B and (2) the cylinder rolls about point B and slips at point A. We will assume that the first mode 
of motion occurs, thus Fg = 0.2N pg . This force acts to the right on the cylinder as indicated on the free - body diagram 
shown in Fig. a. The wedge is on the verge of moving to the right, Fig. b. 


Equations of Equilibrium. Referring to Fig. a, 


* =F, =Q 0.2N g cos10°+N pg sin10°— N4 =0 

+ T IF, =0; Ng cos 10° — 0.2N g sin 10° — F4 — 100(9.81)= 0 
(+2Mo = 0; 0.2N p(0.5)— F4 (0.5) = 0 

Solving, 


Np =1308N Ny =488.68N F4 =262N 


Since Fa <(F4)max = (Us)4N4 = 0.6(488.68)= 293N, the cylinder will not slip at A. Thus, the above assumption is 
correct. Thus, Fe = 0.3Nç and Fg = 262 N. Referring to the free - body diagram of the wedge shown 


in Fig. b, 
+ THF, =0; Nc +262sin 10° — 1308cos 10° = 0 Nc = 1243N 
* =F, =Q P — 262cos 10° — 1308sin10° — 0.31243) = 0 


P=863N Ans. 


100(9.81)N 
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*8-68. The wedge has a negligible weight and a coefficient 
of static friction u, = 0.35 with all contacting surfaces. 
Determine the largest angle 0 so that it is “self-locking.” 
This requires no slipping for any magnitude of the force P 
applied to the joint. 


Friction : When the wedge is on the verge of slipping, then F= uN =0.35N. 
From the force diagram (P is the ‘locking’ force. ), 


@ 0.35N 
= = —— =(.35 


2 N 
8 = 38.6 Ans 





746 








8 Solutions 44918 1/27/09 1:52 PM Page 747 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e8-69. Determine the smallest horizontal force P 
required to just move block A to the right if the spring force 
is 600 N and the coefficient of static friction at all contacting 
surfaces on A is u, = 0.3. The sleeve at C is smooth. Neglect 
the mass of A and B. 








Free - Body Diagram. Since block A is required to be on the verge of sliding to the right, the frictional forces F 4 and 
Fç on block A must act to the left such that F4 = HN = 0.3N 4 and Fo = H Nc =0.3Nc. 


Equations of Equilibrium. Referring to the free- body diagram of block B shown in Fig. a, 
+ T EF, = 0; Na sin 45° —0.3N 4 sin45° — 600 = 0; Na = 1212.18N 


Using the result of N 4 and referring to the free - body diagram of block A shown in Fig. a, 


+T LF, = 0; Nc +0.3(1212.18) cos45° — 1212.18 cos 45° = 0; Nc = 600 N 
TER = 6 P — 0.X1212.18 )sin 45° — 1212.18 sin 45° — 0.%600) = 0 
P =1294.29N =1.29kN Ans, 
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8-70. The three stone blocks have weights of 
W, = 600 lb, Wg = 1501b, and We = 500 lb. Determine 
the smallest horizontal force P that must be applied to 
block C in order to move this block. The coefficient of static 
friction between the blocks is u, = 0.3, and between the 
floor and each block u; = 0.5. 








600th 18th Soolb 






+ 


35% = 0; -'P + 0.5 (1250) = 0 





P = 625 1b 





‘Ose 25a) Lb. 
250 Ib 


Assume block B slips up, block A does not move, 
Block A: 
<I =% &-N" =0 


+TER =0; Ny - 600+0.3N" =0 


ER, =0; N= N' cos 45° - 03N sin45® = 0 


Solving, 
-N° = 629.0, N = 68431b, Nc = 838.7, P = 10481b, 


+TIF =0; N sin 45° - 0.3. cos 45° — 150-0.3N" = 0 


Block C: l N, = 411.31b 

“EF, = 0; 0.3.N' cos 45° + N cos 45° + 0.5Nc -P =0 F, = 629.0lb > 0.5 (411.3) = 205.61b No good 

+TEF, =0; M-N sin 45° + 0.3 sm 45° - 500 = 0 All blocks slip atthe same time; P = 625lb Ans 
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8-71. Determine the smallest horizontal force P required 
to move the wedge to the right. The coefficient of static 
friction at all contacting surfaces is u, = 0.3. Set 0 = 15° 
and F = 400 N. Neglect the weight of the wedge. 











Free - Body Diagram. Since the wedge is required to be on the verge of sliding to the right, the frictional 
forces F- and Fp on the wedge must act to the left such that Æ = u,Nc = 0.3Wc and Fp = HN p = 0.3N p. 


Equations of Equilibrium. Referring to the free- body diagram of the crank shown in Fig. a, 
(+2 B =0; 400(0.45)+ 0.3N c cos 15°(0.02)+ 0.3N¢ sin 15°(0.3)+ Ng cos 15°(0.3)— Nc sin 15°(0.02) = 0 
Nc = 704.47 N 


Referring to the free- body diagram of the wedge shown in Fig. b, 


+ TF, =0; N p + 0.(704.47) sin 15° — 704.47 cos 15° = 0 Np = 625.76N 
EF, =Q P — 0.(704.47) cos 15° — 0.5(625.76) — 704.47 sin 15° = 0 
P = 574N Ans, 
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*8-72. Ifthe horizontal force P is removed, determine the 
largest angle 0 that will cause the wedge to be self-locking 
regardless of the magnitude of force F applied to the 
handle. The coefficient of static friction at all contacting 
surfaces is u, = 0.3. 











Free- Body Diagram. Since the wedge is required to be on the verge of sliding to the left (just self locking), 
the frictional forces F- and Fp must act to the right such that Fe = U;sNc = 0.3N¢ and Fp = U Np = 0.N p as 
indicated on the free- body diagram of the wedge shown in Fig. a. 


Equations of Equilibrium. Referring to Fig. a, 


+ T EF, =0; Np — 0.3Nc sin@ — Nc cos = 0 Np = Nc(0.3sin 6 + cos 0) 
+ =F, =@ 0.3N¢ cos 6 +0.3[N ç (0.3sin 8 + cos 8)|- Nc sind = 0 
@ = 33.4° Ans. 


F =0-2Np 


(A) 
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e8-73. Determine the smallest vertical force P required to P 
hold the wedge between the two identical cylinders, each 





having a weight of W. The coefficient of static friction at all 
contacting surfaces is u, = 0.1. 








Free - Body Diagram. Since the wedge is required to be on the verge of moving upward, the frictional 
force F 4 on the wedge must act downward. Here, there are two possible modes of motion for the cylinder, 


namely (1) the cylinder rolls about B and slips at A or (2) the cylinder rolls about A and slips at B. We will 
assume that the first mode of motion occurs. Thus, F4 = U.N, = 0.1N 4. 


Equations of Equilibrium. Referring to the free- body diagram of the cylinder shown in Fig. a, 


=F. =Q Na cos 7.5°+0.1N 4 sin 7.5° — N g sin 30° + Fp cos 30° = 0 

+ T SF, =0; Np cos 30° + Fg sin30° +0.1N 4 cos 7.5° -N 4 sin7.5° — W =0 
Qmo =0; Fg(r)-0.1N4(r)=0 

Solving, 


Na =05240W Np =1.1435W Fp = 0.05240W 


Since Fp <(Fg)max = LN g = 0.10.1435W) = 0.11435W, slipping will not occur at B. Thus, the above assumption 
is correct. Using the result of N 4 , we find that F4 = 0.1(0.5240W) = 0.05240W. Referring to the free - body diagram 
of the wedge shown in Fig. b, 
+ T =F, =0; 2(0.5240W )sin7.5° — 2(0.05240W cos 7.5°)— P = 0 

P = 0.0329W 
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push the wedge between the two identical cylinders, each 
having a weight of W. The coefficient of static friction at all 


8-74. Determine the smallest vertical force P required to | 
contacting surfaces is u; = 0.3. 











Free - Body Diagram. Since the wedge is required to be on the verge of moving downward, the frictional 
force F4 on the wedge must act upward. Here, there are two possible modes of motion for the cylinder, 
namely (1) the cylinder rolls about B and slips at A or (2) the cylinder rolls about A and slips at B. We will 
assume that the first mode of motion occurs. Thus, the magnitude of F4 can be computed using the friction 
formula; i.e., F4 = HN A = 0.3N 4 ‘ 


Equations of Equilibrium. Referring to the free- body diagram of the cylinder shown in Fig. a, 


* =F, ağ N 4 cos 7.5° —0.3N 4 sin 7.5° — Fp cos 30° -N g sin30° = 0 

+ T IF, =0; Np cos 30° — Fp sin30° —0.3N 4 cos 7.5°—N 4 sin7.5° — W =0 
Mo = 0; 0.3N 4 (r)— Fg (r)= 0 

Solving, 


N4 =1.609W Np =2.229W Fp = 0.4827W 


Since Fg <(FR)max = UsN g = 0.X2.229W)= 0.669W, slipping will not occur at B. Thus, the above assumption 
is correct. Using the result of N 4 , we find that F4 = 0.(1.609W) = 0.4827W. Referring to the free- body diagram 


of the wedge shown in Fig. b, 
+ T EF, =0; 2(1.609W sin7.5°) + 2(0.4827W cos7.5°)— P = 0 
P =1.38W Ans. 
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8-75. Ifthe uniform concrete block has a mass of 500 kg, 
determine the smallest horizontal force P needed to move 
the wedge to the left. The coefficient of static friction 
between the wedge and the concrete and the wedge and the 
floor is u, = 0.3. The coefficient of static friction between 
the concrete and floor is u; = 0.5. 








Free - Body Diagram. Since the wedge is required to be on the verge of sliding to the left, the frictional 
forces Fg and Fc on the wedge must act to the right such that Fg = u,N g = 0.W g and Fo = UsNc = 0.3Nc. 


Equations of Equilibrium. Referring to the free- body diagram of the concrete block shown in Fig. a, 


(+2M 4 =0; 0.3N g cos 7.5°(0.15) — 0.3N g sin 7.5°(3)+ N g cos 7.5°(3)+ Ng sin 7.5°(0.15) — 500(9.81)(1.5) = 0 
Np = 2518.78 N 

+ TX, =0; F4, — 0.3(2518.78)cos 7.5° — 2518.78 sin 7.5° = 0 F, = 1077.94 N 

+ =F, =0; N4 +2518.78 cos 7.5° — 0.3(2518.78)sin 7.5° — 500(9.81) = 0 
Na = 2506.40 N 


Since F4 <(F, | aa = H'; N4 = 0.5(2506.40)= 1253.20 N, the concrete block will not slip at A. Using the result of 
N p and referring to the free - body diagram of the wedge shown in Fig. b, 


+ Î FF, = 0; Nc +0.3(2518.78)sin 7.5° — 2518.78 cos 7.5° = 0 Nc = 2398.60 N 
+ EF, = 0,3(2518.78 )cos 7.5° + 2518.78 sin7.5° + 0.(2398.60)— P= 0 
P =1797.52N =1.80kN Ans. 


500 (9-81) N 
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*8-76. The wedge blocks are used to hold the specimen _ 
in a tension testing machine. Determine the largest design \ j 
angle 0 of the wedges so that the specimen will not slip 
regardless of the applied load. The coefficients of static 


friction are wy = 0.1 at A and upg = 0.6 at B. Neglect the 
weight of the blocks. 











P 

Specimen: fe m fò 
EN E Me “[ Fs 
oe +T 206 aS ? 
Py 
E, Wedge: 
ke + E $ 

| | P Aroa 
+TER = 0; O.1N, 0000 + N,cin@ ~ == 0 a p~ 


P = 2N, (0.1cos0 + sind) - 
QGN, (cos ~ O.1sin8) — N, (0.1cos8 + sin@) = O 


O5co0s@ — 1,06sn8 = 0 ` 





- o 05 
0 = tal iag) = 253 Ans 


e8-77. The square threaded screw of the clamp has a 
mean diameter of 14 mm and a lead of 6 mm. If u, = 0.2 for 
the threads, and the torque applied to the handle is 
1.5 N+ m, determine the compressive force F on the block. 


Frictional Forces on Screw : Here, 9 = tan ™! (==) = tan”! ie = 7.768", 
2nr 22(7) 


W = Fand@, =tan'p, = tan”! (0.2) = 11.310°. Applying Eq.8—-3, we have 


M = Wran(6+9) 
1.5 = F(0.007) tan(7.768° + 11.310°) 


F=620N Ans 


Note : Since @, > ĝ, the screw is self-locking. It will not unscrew even if the moment 


is removed. 
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8-78. The device is used to pull the battery cable terminal 
C from the post of a battery. If the required pulling force is 
85 lb, determine the torque M that must be applied to the 
handle on the screw to tighten it. The screw has square 
threads, a mean diameter of 0.2 in., a lead of 0.08 in., and the 
coefficient of static friction is u, = 0.5. 


l I 
Frictional Forces on Screw : Here, 6 = tan "(z)" an` 999 |- 7.256°, 


nr 27(0.1) 
W = 85 lb and @, = tan”, = tan™' (0.5) = 26.565°. Applying Eq.8—3, we have 


M= Wran(@+ 6) 
= 85(0.1) tan(7.256° + 26.565°) 
= 5.69 Ib -in Ans 


Note : Since ġ, > @, the screw is self-locking. It will not unscrew even if the moment 
is removed, 





8-79. The jacking mechanism consists of a link that has a 
square-threaded screw with a mean diameter of 0.5 in. anda 
lead of 0.20 in., and the coefficient of static friction is 
us; = 0.4. Determine the torque M that should be applied to 
the screw to start lifting the 6000-Ib load acting at the end of 
member ABC. 




















a 20 in. -= 15 in. a 10 in| 


a =aon' (33) = 21.80° 


GEM, = 0: = 6000 (35) + Fap cos 21.80° (10) + Fso sin 21.80° (20) = 0 
§-7F | 


Feo = 12 565 lb 


& = un’ (0.4) = 21.80° 6000 |b 


a mn! (—2:2_) = 7.256° 
do (ez) 


M a Wr tan (6 + 6) 
M = 12 565 (0.25) tan (7.256° + 21.80°) 


M = 1745 \b- in. = 1451b- ft Ans 
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*8-80. Determine the magnitude of the horizontal force P 
that must be applied to the handle of the bench vise in order 
to produce a clamping force of 600 N on the block. The 
single square-threaded screw has a mean diameter of 
25 mm and a lead of 7.5 mm. The coefficient of static 
friction is u, = 0.25. 


Here, M = P(0.1) 


ee oe ee 
(se = an Ea ar 


@, = tan pp, = tan (0.25) = 14.036° 

W =600N 

Thus 
M = Wr tan(, +9) 
P(0.1) = 600(0.0125) tan(14.036° + 5.455°) 
P =26.5N 


Note Since @ , > 0, the screw is self - locking. 





e8-81. Determine the clamping force exerted on the 
block if a force of P = 30 N is applied to the lever of the 
bench vise. The single square-threaded screw has a mean 
diameter of 25 mm and a lead of 7.5 mm. The coefficient of 
static friction is u, = 0.25. 





Here, M = 30(0.1) = 3N -m 


9 = wn”) m m 5 = 5,455° 


2m 27 (12.5) 
$s = tan w= tan (0.25) = 14,036° 
W=F 
Thus 


M = Wrtan($, +0) 
3 = F(0.0125) tan(14.036° + 5.455°) 
F = 678N Ans. 


Note Since $ , > 0, the screw is self - locking. 
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8-82. Determine the required horizontal force that must 
be applied perpendicular to the handle in order to develop 
a 900-N clamping force on the pipe. The single square- 
threaded screw has a mean diameter of 25 mm and a lead of 
5 mm. The coefficient of static friction is u, = 0.4. Note: The 
screw is a two-force member since it is contained within 
pinned collars at A and B. 














Referring to the free - body diagram of member ED shown in Fig. a, 
(m =Q Fap (0.2 )—900(0.4) = 0 Fag =1800N 


znt -E |a | Ce ee l 3.643" 
Here, 6 = tan (<)-= ray 3.643 


¢, = tan p, = tn 1(0.4)= 21.801° 
M = F(0.15); and W = Fag =1800N 


M = Wr tan(¢, +6) 
F(0.15)= 18000.0125) tan( 21.801° + 3.6437) 
F =71.4N Ans. 


Note. Since @ , > @, the screw is self - locking. 


| 02M 


Oam 
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8-83. If the clamping force on the pipe is 900 N, 
determine the horizontal force that must be applied 
perpendicular to the handle in order to loosen the screw. 
The single square-threaded screw has a mean diameter of 
25 mm and a lead of 5 mm. The coefficient of static friction 
is u; = 0.4. Note: The screw is a two-force member since it 
is contained within pinned collars at A and B. 











Referring to the free- body diagram of member ED shown in Fig. a, 
+IMp =O, Fap (0.2) —900(0.4) = 0 Fag =1800N 


Here, oun “{ =) m4] =| 3.643° 
Ier 2n(12.5) 


$; = tan u, = tan 1(0.4)= 21.801° 
M = F(0.15); and W = Fag =1800N 
M = Wrtan($, -9) 
F(0.15)= 1800(0.0125) tan(21.801° —3.643°) 
F =49.2N Ans, 





758 








8 Solutions 44918 1/27/09 1:52 PM Page 759 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 







*8-84. The clamp provides pressure from several directions 
on the edges of the board. If the square-threaded screw has a 
lead of 3 mm, mean radius of 10 mm, and the coefficient of 
static friction is u, = 0.4, determine the horizontal force 


f = 











































developed on the board at A and the vertical forces — = _ | ' (— SE 
developed at B and C if a torque of M = 1.5 N+ m is applied | All 4 | M 
to the handle to tighten it further. The blocks at B and C are a J g 


pin connected to the board. 








A N \ 


¢ = an’ (0.4) = 21.801° 
T 


= 3 ` fel l 
6, = tan E = 2.734 323. aS 


z T 


M = Wir)tan(¢, + 8p) 

1.5 = A,(0.01)tan(21.801° + 2.734°) 

A, = 328.6 N Ans 

JER; = 0; 328.6 — 2T cos45° = 0 
T = 232.36 N 


B, = © = 232.36sin45° = 164 N Ans 
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e8-85. If the jack supports the 200-kg crate, determine the 
horizontal force that must be applied perpendicular to the 
handle at E to lower the crate. Each single square-threaded 
screw has a mean diameter of 25 mm and a lead of 7.5 mm. 
The coefficient of static friction is u, = 0.25. 





The force in rod AB can be obtained by first analyzing the equilibrium of joint C followed by joint B Referring 
to the free- body diagram of joint C shown in Fig. a, 

* =F, =0 Fca sin45° — Fep sin45° = 0 Fa = Apg =F 

+ Î IF, = 0; 2F cos45° — 200( 9.81) = 0 F =1387.34N 


Using the result of F and referring to the free - body diagram of joint B shown in Fig. b, 
+T XF, = 0; Fgp sin45° — 1387.34 sin45° = 0 Fgp = 1387.34N 


+ EF, =Q 1387.34cos 45° + 1387.34cos 45° — Fap =0 Fg =1962N 


Here, @ = tan A5) = an | — 2 |= 5.455° 
er 27(12.5) 


$, = tan ™ u, = tan ™> (0.25) = 14.036° 
M = F(0.1) and W = Fag = 1962 N 
Since M must overcome the friction of two screws, 


M = 2[Wr tan(¢, — 0)] 
F(0.1) = 211962(0.0125) tan(14.036° — 5.455°)| 
F =74.0N Ans, 


Note. Since @ , > 0, the screws are self - locking. 


¢ = tan’(0.4) = 21.801" 
+ 


f , s° 
a 
a an Tail = 2734 iki wee 


M = Wir)tan(¢, + p) 





1.5 = A,(0.01)tan(21.801° + 2,734°) 

A, = 328.6 N Ans 

Í ER = 0; 328.6 — 2T cos45° = 0 
T = 232.36 N 


B, = G = 232.36sin45° = 164 N Ans 
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8-86. If the jack is required to lift the 200-kg crate, 
determine the horizontal force that must be applied 
perpendicular to the handle at E. Each single square- 
threaded screw has a mean diameter of 25 mm and a lead of 
7.5 mm. The coefficient of static friction is u, = 0.25. 








The force in rod AB can be obtained by first analyzing the equilibrium of joint C followed by joint B Referring 
to the free- body diagram of joint C shown in Fig. a, 

* IF, =Q Fra sin45° — Fœ sin45° = 0 Fo, = Rg =F 

+ TXF, =0; 2F cos45° — 200( 9.81) = 0 F =1387.34N 


Using the result of F and referring to the free - body diagram of joint B shown in Fig. b, 
+ TX, =0; Fgp sin45° — 1387.34 sin45° = 0 Fgp = 1387.34N 


“=F, = 0 1387.34. cos 45° + 1387.34.cos 45° — Fag =0 Fag =1962N 


-1| L a). 75 
Here, @ = tan~ — |= an |2 | = 5.455° 
ii { = a 


$, = tan u, = tan 10,25) = 14,036° 
M = F(0.1) and W = Fag = 1962N 


Since M must overcome the friction of two screws, 
M = 2[Wr tan(¢, + 4) 
F(0.1) = ql 962(0.0125) tan(14.036° + 5.455°)| 


F =174N Ans. 


Note. Since $ , > 0, the screws are self - locking. 


7 


200(9-B1) N 
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8-87. The machine part is held in place using the 
double-end clamp. The bolt at B has square threads with a 
mean radius of 4 mm and a lead of 2 mm, and the 
coefficient of static friction with the nut is u, = 0.5. If a 
torque of M = 0.4 N-mis applied to the nut to tighten it, 
determine the normal force of the clamp at the smooth 
contacts A and C. 











ý = tan? (0.5) = 26,565° 


i(_2_\. 
Fui (m) 4.550° 


M = Wr tan (9 + ¢) 
0.4 = W (0.004) tan(4.550° + 26.565°) 166.67N 
W = 165.67N 
GEM, = 0; Ne (350) — 165.67 (260) = 0 
Ne = 123.1=123N Ans 
+ÎER =0; M — 165.67 +13.1 = 0 


N, = 42.6N Ans 


*8-88. Blocks A and B weigh 50 lb and 30 Ib, respectively. 
Using the coefficients of static friction indicated, determine 
the greatest weight of block D without causing motion. 


For block A and B ; Assuming block.B does not slip 
+ÎEE =0; No—-(50+30)=0 No =80Ib 
“ER =0; 0.4(80)-% =0 T, = 32 1b 
For block B : 

+TZE=0; N,0cos20°+F, sin20°-30=0 
IF =0; F,cos20°-—N, sin20°-32=0 
Solving Bqs.[1] and [2] yields : 

K,=4032Ib Np =17.251b 


Since K, = 40.32 Ib > HN, = 0.6(17.25) = 10.35 Ib, slipping does occur 
between A and B. Therefore, the assumption is no good . 


Since slipping occurs, F = 0.6 Na. 


+TEE =0; N,cos20°+0.6N, sin20°-30=0 Np =26.20 1b 


> ZF, =0; 0.6(26.20)cos20°—26.20sin20°-—-J, =0 J, =5.812 1b 


=e" Where 1, = Wp, 7, = = 5.812 1b, B=0.5e rad 


Wp = 5.812405% 


= 12.7 Ib 
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e8-89. Blocks A and B weigh 75 lb each, and D weighs 
30 Ib. Using the coefficients of static friction indicated, 
determine the frictional force between blocks A and B and 
between block A and the floor C. 


For the rope, Ta = Tye"", where Tz = 30 lb, T = Ts, and A= 
0.57 rad 


0 = Tapet 


Ta = 13.678 Ib 
Fe = 13.7 Ib 
For block J: 


+7 DF, = 0; Naco 20° + Fa sin20 -7550 


SEF, = 0; Fs cos 20° — Ny sin 20° — 13.678 = 0 
Solving Eqs. [1] and [2] yields: 
Ng = 65.8 Ib 
Fp = 38.5 Ib Ans 


Since Fy = 38.5 Ib < p Np = 0.6(65.8) = 39.5 Ib, slipping between 
A and B does not occur. 





8-90. A cylinder having a mass of 250 kg is to be 
supported by the cord which wraps over the pipe. 
Determine the smallest vertical force F needed to support 
the load if the cord passes (a) once over the pipe, 8 = 180°, 
and (b) two times over the pipe, B = 540°. Take u, = 0.2. 








Frictional Force on Flat Belt : Here, T, = F and T, = 250(9.81) = 2452.5 N. 
Applying Eq. 8-6, we have 


a) If f = 180° = z rad 
T = T, e”’ 
2452.5 = Fe™™" 


F = 1308.38 N = 1.31 kN Ans 


b) If 8 = 540° = 3x rad 
R =ne’ 
3452.5 = patton 


F = 372,38 N =372 N Ans 
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8-91. A cylinder having a mass of 250 kg is to be 
supported by the cord which wraps over the pipe. 
Determine the largest vertical force F that can be applied 
to the cord without moving the cylinder. The cord passes 
(a) once over the pipe, 8 = 180°, and (b) two times over the 
pipe, B = 540°. Take u, = 0.2. 








Frictional Force on Flat Belt : Here, T, = 250(9.81) = 2452.5 N and T = F. 
Applying Eq. 8—6, we have 


a) If 8 = 180° = x rad 
n =ne’ 
F = 2452.5e°** 


F = 4597.10 N = 4.60 kN Ans 


b} If 8 = 540° = 3% rad 
7, = Te"? 
F = 245252070" 


F= 14152.32 N = 16.2 kN Ans 
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*8—92. The boat has a weight of 500 lb and is held in 
position off the side of a ship by the spars at A and B. A man 
having a weight of 130 Ib gets in the boat, wraps a rope 
around an overhead boom at C, and ties it to the end of the 
boat as shown. If the boat is disconnected from the spars, 
determine the minimum number of half turns the rope must 
make around the boom so that the boat can be safely 
lowered into the water at constant velocity. Also, what is the 
normal force between the boat and the man? The coefficient 
of kinetic friction between the rope and the boom is 
bts = 0.15. Hint: The problem requires that the normal force 
between the man’s feet and the boat be as small as possible. 








Frictional Force on Flat Belt : If the normal force berween the man and the boat 
is equal to zero, then, 7, = 130 Ib and T, = 500 Ib. Applying Eq. 8-6, we have 





E = T, aP 
500 = 130°? 
P = 8.980 rad 
8.980 
The least number of half turns of the rope required is = 2.86 tums. Thus 
Use n=3 half ums Ans 





Equations of Equilibrium : From FBD (a), 
+TIF=0; %-N,-500=0 T, =N,, +500 
From FBD (b). 
+TER =0; +N,-130=0 7, =130-K, 
Frictional Force on Flat Belts : Here, P = 3% rad. Applying Eq. 8-6, we have | 
N 


r = T ef? 
N, +500 = (130- N, )e™ t0 


N„ = 6.74 Ib Ans 
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e8-93. The 100-lb boy at A is suspended from the cable 
that passes over the quarter circular cliff rock. Determine if 
it is possible for the 185-lb woman to hoist him up; and if 
this is possible, what smallest force must she exert on the 
horizontal cable? The coefficient of static friction between 
the cable and the rock is u, = 0.2, and between the shoes of 
the woman and the ground u; = 0.8. 


T = Ñ f = 1000"? = 136.9 1b 


L=/36-9 /b 


+TEFR 20; N- 185 =0 
N = 185 


IF, = 1369-F=0 2G 
F = 136.9 lb F 
Faa = 9.8(185) = 148 ib > 136.9 lb 


Yes, just barely. Ans 





8-94. The 100-lb boy at A is suspended from the cable 
that passes over the quarter circular cliff rock. What 
horizontal force must the woman at A exert on the cable in 
order to let the boy descend at constant velocity? The 
coefficients of static and kinetic friction between the cable 
and the rock are u, = 0.4 and ug = 0.35, respectively. 


P=; 


= je”. 100 = Het 





T= 57.7lb Ans 
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8-95. A 10-kg cylinder D, which is attached to a small 
pulley B, is placed on the cord as shown. Determine the 
smallest angle 0 so that the cord does not slip over the peg at 
C. The cylinder at E has a mass of 10 kg, and the coefficient 
of static friction between the cord and the peg is u, = 0.1. 





Since pulley B is smooth, the tension in the cord between pegs A and C remains constant. Referring to the free- body 

diagram of the joint B shown in Fig. a, we have 

+ Î IF, =0; 2T sin — 10(9.81) = 0 T= —— 
d sin 6 


In the case where cylinder E is on the verge of ascending, 7, =T = — and 7% = 10(9.81) N. Here, + 6, Fig. b. Thus, 
sin 


h = TelsP 


fin 
TE 
49.05 = 109.8)e 9 
sing 


0.5 I 
In—— = 0. +6 
"sing (z ) 


Solving by trial and error, yields 


6 = 0.4221 rad = 24.2° 


*8—96. A 10-kg cylinder D, which is attached to a small 
pulley B, is placed on the cord as shown. Determine the 
largest angle 0 so that the cord does not slip over the peg at 
C. The cylinder at E has a mass of 10 kg, and the coefficient 
of static friction between the cord and the peg is u, = 0.1. 





49.05 


+ 


In the case where cylinder E is on the verge of descending, T> = 10(9.81) N and Jj = . Here, ae @. Thus, 


B= TelsP 


a £46 
109.81) = 28, \2 
sin@ 


in(2sin 6) = af £46 


Solving by trial and error, yields 


8 = 0.6764 rad = 38.8° 
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e8—97. Determine the smallest lever force P needed to 
prevent the wheel from rotating if it is subjected to a torque 
of M = 250 N-m. The coefficient of static friction between 
the belt and the wheel is pw, = 0.3. The wheel is pin 
connected at its center, B. 





F 
= = 950) = 0 s, 
( +IM, = 0; F(200) + P(950) gsp F 
F = 4,75 P 
D = 7, e” 





F = 475P eP = 1953 P 


il 


(+iM, = 0; — 19.53 P (0.4) + 250 + 4.75P(0.4) = 0 


P= 4233WN Ans 
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8-98. Ifa force of P = 200 N is applied to the handle of 
the bell crank, determine the maximum torque M that can 
be resisted so that the flywheel is not on the verge of 
rotating clockwise. The coefficient of static friction between 
the brake band and the rim of the wheel is u, = 0.3. 














Referring to the free- body diagram of the bell crank shown in Fig. a and the flywheel shown in Fig. b, 


(+2M g = 0; Ta (0.3) + T-(0.1) — 200(1) = 0 (1) 
(+o = 0; T (0.4)- To (0.4)-M = 0 (2) 
. | 270° 
By considering the friction between the brake band and the rim of the wheel where B = iso” = 1.57 rad and 
T, > Tc, we can write 
Tå = Toe”:P 
T = Toe? 50 
Ty = 4.11127 (3) 


Solving Eqs. (1), (2), and (3) yields 
M=187N-m 
Ta = 616.67 N To = 150.00N 
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8-99. Show that the frictional relationship between the Impending 
belt tensions, the coefficient of friction p, and the angular motion 
contacts a and B for the V-belt is Ta = T,e%8/sin@/?), 








F.B.D of a section of the belt is shown. 


Proceeding in the general manner : 
IF, = 0; “(Tat cos + Teos È +2dF = 0 
EF, = 0; -T+ dT) sin - Tsin + 20N sine = 0 


2 2 
cos by 1, 


dF = wdN 
Using this and (dT)(d@) — 0, the above relations become 


dT = 2p dN 


Td@ = 2(aN sin) 


. dT dé 
Combine F = H ing 


Integrate from @ = 0, T = Ti 
ow ĝ=HT=} 





we get, 


2) 
=r 


peau QED 
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*8-100. Determine the force developed in spring AB in 
order to hold the wheel from rotating when it is subjected 
to a couple moment of M = 200 N : m. The coefficient of 
static friction between the belt and the rim of the wheel is 
u; = 0.2, and between the belt and peg C, u; = 0.4. The 
pulley at B is free to rotate. 


Referring to the free - body diagram of the wheel shown in Fig. a, we have 
(+2Mo = 0: F (0.2)+ 200—7)(0.2) = 0 (1) 


In this case, the belt could slip over the wheel or peg C. We will assume 


it slips over the wheel. Here, f = (z } = 1.57rad. Thus, 





T =e Xt) 
T, = 2.56631 (2) 


Solving Egs. (1) and (2) yields 
= 638.43N T= 1638.43N 


Using these results and considering the friction between the belt and peg C, 
where B > = mrad, 

h = Ti dh: Jen By 

1638.43 = 638.43eHs eq) 

(Hs req = 9.3 


Since the coefficient of static friction between the belt and peg Cis greater than 

(H s)req (u," > 0.3), the belt will not slip over peg C. Thus, the above assumption 

is correct. Using the results of T> and referring to the free - body diagram of joint B shown 
in Fig. b, 

EF, = Fag cos 45° — 1638.43= 0 


Solving 
Fag = 2317.10N =2.32 KN Ans. 





h=1638-43N 
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e8-101. If the tension in the spring is Fyg = 2.5 kN, 
determine the largest couple moment that can be applied to 
the wheel without causing it to rotate. The coefficient of 
static friction between the belt and the wheel is u, = 0.2, 
and between the belt the peg u; = 0.4. The pulley B free to 
rotate. 


Referring to the free - body diagram of joint B shown in Fig. a, 
+, IF, =Q 2500 cos 45°- h = 0 





Solving, 
h = 1767.77 N 


In this case, the belt could slip over the wheel or peg C. We will assume that 


p 


it slips over the wheel. Here, f = 2 le = |.5mrad and 7} > D. Thus, 


D =FpelsPi 


1767.77 = Nje? 51) 
= 688.83 


Using the results for 7j and 75 and considering the friction between the belt and peg C, 
where B 5 = mrad, 

R= Alls ba B2 

1767.77 = 688.83 = Mea (©) 

(Us req = 03 


Since the coefficient of static friction between the belt and peg Cis greater than 
(Hs)req ( Li,’ > 0.3), the belt will not slip over peg C. Thus, the above assumption 
is correct. Using the results of 7) and 7> and referring to the free - body diagram of the 
wheel shown in Fig. b, 
(+2Mo =0; 688.8%0.2)+M — 1767. 7X0.2) = 0 
M =216N-m Ans. 
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8-102. The simple band brake is constructed so that the 
ends of the friction strap are connected to the pin at A and 
the lever arm at B. If the wheel is subjected to a torque of 
M = 80 lb-ft, determine the smallest force P applied to the 
lever that is required to hold the wheel stationary. The 
coefficient of static friction between the strap and wheel is 
u; = 0.5. 








B = 20° + 180° + 45° = 245° 


L +M =0; 7,(1.25) + 80 - G(1.25) = 0 





rH = T, e”’; T = DetS ASUR = 8.48277, 


Solving; 72,5536 
T, = 8.553 Ib Ax | Sit oH 
= 72.553 Ib 
7 Ay p 
(+EM, =0;  -—72553(sin45°)(1.5) - 4.5P = 0 
P = 17.1 ib Ans 
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8-103. A 180-lb farmer tries to restrain the cow from 
escaping by wrapping the rope two turns around the tree 
trunk as shown. If the cow exerts a force of 250 Ib on the 
rope, determine if the farmer can successfully restrain the 
cow. The coefficient of static friction between the rope and 
the tree trunk is u, = 0.15, and between the farmer’s shoes 
and the ground u; = 0.3. 





Since the cow is on the verge of moving, the force it exerts on the rope is Ty = 250 Ib and the force exerted 
by the man on the rope is 7}. Here, B = 227) = 4x rad. Thus, 


D = Tels? 
250 = Feo 54) 
F = 37.96 Ib 


Using this result and referring to the free - body diagram of the man shown in Fig. a, 


+ Î FF, =0; N-180=0 N =1801b 
+IF =0 37.96-F = 0 F = 37.96 1b 


Since F < Fnax = Hs N = 0.X180)= 54 Ib, the man will not slip, and he will successfully restrain the cow. 


(Bob 


(a) 
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*8-104. The uniform 50-lb beam is supported by the rope 
which is attached to the end of the beam, wraps over the 
rough peg, and is then connected to the 100-Ib block. If 
the coefficient of static friction between the beam and the 
block, and between the rope and the peg, is u, = 0.4, 
determine the maximum distance that the block can be 
placed from A and still remain in equilibrium. Assume the 




















block will not tip. 
1001b 
Block : 
+ TIF, =Q; N-10=0 1, 
Naib D 4N 
N. 


J ER, =0; F -0.4(100) = 0 


fj = 40b 


T = Te, T = 40e (5) = 14.978» 





System ; 
GEM, =0; — 100 (d) — 40 (1) — 50 (5) + 74,978 (10) = 0 


d=460f Ans 


775 








8 Solutions 44918 1/27/09 1:53 PM Page 776 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e8-105. The 80-kg man tries to lower the 150-kg crate 
using a rope that passes over the rough peg. Determine the 
least number of full turns in addition to the basic wrap 
(165°) around the peg to do the job. The coefficients of 
static friction between the rope and the peg and between 
the man’s shoes and the ground are u, = 0.1 and u; = 0.4, 
respectively. 














If the man is on the verge of slipping, F = Hs N = 0.4N. Referring to the free- body diagram of the man shown in Fig. a, 


t EF, =@, 0.4N -Tsin15° = 0 
+ Î IF, = 0; N +T cos 15° — 809.81) = 0 
Solving, 


T = 486.55N N=314.82N 


Using the result for T and considering the friction between the rope and the peg, where T> = 150(9.81) N, 7, =T = 486.55 N 


and B = n(2m)+ (Ah =(2n + 0.9167)z rad, Fig. b, 
15) = Tj oltsB 


1509.81) = 486,550 12n+0.9167)x 
in3.024 = 0.1(2n + 0.9167)x 
n = 1.303 


Thus, the required number of full turns is 
n=2 Ans. 


B0L9-B1) N 





N Cb) 
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8-106. If the rope wraps three full turns plus the basic 
wrap (165°) around the peg, determine if the 80-kg man can 
keep the 300-kg crate from moving. The coefficients of 
static friction between the rope and the peg and between 
the man’s shoes and the ground are u, = 0.1 and u; = 0.4, 
respectively. 

















If the man is on the verge of slipping, F = H; N = 0.4N. Referring to the free- body diagram of the man shown in Fig. a, 


TIF, = 0, 0.4N —Tsin15°= 0 
+ T FF, =0; N +Tcos 15° — 809.81) = 0 
Solving, 


T= 486.55N N=314.82N 


Using the result for T and considering the friction between the rope and the peg, where 77 = 300(9.81) N, Tj =T = 486.55 N 


and B = n(2m)+ (>=) = (2n + 0.9167)z rad, Fig. b, 
ig) =f elsP 


300(9.81) = 486.550 (77 +9-2167% 


1n6.049 = 0.1( 2n + 0.9167) 
n = 2.406 


Since n > 3, the man can hold the crate in equilibrium. Ans. 


jOO lb 
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8-107. The drive pulley B in a video tape recorder is on 
the verge of slipping when it is subjected to a torque of 
M = 0.005 N- m. If the coefficient of static friction between 
the tape and the drive wheel and between the tape and the 
fixed shafts A and C is u, = 0.1, determine the tensions T4 
and T, developed in the tape for equilibrium. 





Here T} must overcome T4 and M, so T3 > T4. Also, $ = rad. Thus, |r 
R=T% oltsB 
B =T4e® I(x) 
RB =1.3691%G (1) 


Referring to the free- body diagram of pulley B in Fig. a, 
+=M o = 0; 0.005 + 7 (0.01) — 73(0.01) = 0 (2) 


Solving Eqs. (1) and (2), yields 
T, = 1.3546N T3=1.8546N 


Using the result of T4 and considering the friction on the fixed shaft A, where T; > T4 and B = mrad, 
i = TyeltsB 


= 1,3546e9 17 
= 1.85N Ans. 


Using the result of T} and considering the friction on the fixed shaft C, where T; > Tz and B = > rad, 


B = Te" sP 
1.8546 = Tze? 72) 
D =1.59 N Ans. 
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*8-108. Determine the maximum number of 50-lb packages 0.5 ft — = 0.5 ft 

that can be placed on the belt without causing the belt to SV = T 

slip at the drive wheel A which is rotating with a constant Ala oo 
angular velocity. Wheel B is free to rotate. Also, find the ~~ l ~ P = 300 Ib 


corresponding torsional moment M that must be supplied 
to wheel A. The conveyor belt is pre-tensioned with the 
300-Ib horizontal force. The coefficient of kinetic friction 
between the belt and platform P is ug = 0.2, and the 
coefficient of static friction between the belt and the rim of 
each wheel is u, = 0.35. 





The maximum tension T» of the conveyor belt can be obtained by considering the equilibrium of 
the free - body diagram of the top belt shown in Fig. a. 


+ T IF, =0; n(50)-N =0 N=50n (1) 
* IF, =0 150+ 0.450n)— Tə = 0 T =150+10n (2) 


By considering the case when the drive wheel A is on the verge of slipping, where B = mrad, T} = 
150 + 10n and 7; = 150 lb, 


B = Te"? 


150+ 10n = 150e 
n = 30.04 


0.3X7 ) 


Thus, the maximum allowable number of boxes on the belt is 
n= 30 Ans. 


Substituting n = 30 into Eq. (2) gives D = 450 Ib. Referring to the free - body diagram of the wheel A shown 


in Fig. b, 
(+2M 0 = 0; M +150(0.5)—450(0.5)= 0 
M = 1501b-ft Ans. 
N(SOo)Ib 


ISolb 
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e8-109. Blocks A and B have a mass of 7 kg and 10 kg, 
respectively. Using the coefficients of static friction 
indicated, determine the largest vertical force P which can | 
be applied to the cord without causing motion. Ss 





Frictional Forces on Flat Belts : When the cord pass over peg D, 
p = 180° = mrad and 7, = P . Applying Eq. 8-6, T = T,e”" , we have 


P=Te"'" 7, =0.7304P 
When the cord pass over peg C, f = 90° = = rad and G’ = 7, = 0.7304P 
. Applying Eq. 8-6, 7," =T, “eH? we have asm 10(9-81) -ggn 
0.7304P = R'e N’ =0.3897P D 
Equations of Equilibrium : From FBD @), 


+TIF =0; Ny-981=0 Ng =98.1N 





IF =0; &-T=0 (1] Na 
(4) 
(+5, =0;  7(0.4)-98.1(x) =0 (2) 
Ng = 98-1 41 
From FBD (b), 781) =6B.67N 






+TIF =0; N,-98.1-68.67=0 N, = 166.77 N T; =03897P 


+ EF =0;  0.3897P-Ę-F =0 [3] 
Friction : Assuming the block B is on the verge of tipping, then x = 0.15 m. . 4 
#for motion to occur, block A will have slip. Hence, Fy, = (u,), Ma Alp 
= 0.3( 166.77) = 50.031 N. Substituting these values into Egs.[1], [2] and [3] i 
and solving yields (b) 
P= 222.81 N = 223 N Ans 
Fy = T =36.79N 


Since (Fy), = (A, )g Ma =0.4(98.1) = 39.24 N > F. block B does not 
slip but ops. Therefore, the above assumption is correct. 
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8-110. Blocks A and B have a mass of 100 kg and 150 kg, 
respectively. If the coefficient of static friction between A 
and B and between B and C is u, = 0.25, and between the 
ropes and the pegs D and E pmu; = 0.5, determine the 
smallest force F needed to cause motion of block B if 





P = 30N. 
100Q.8I)N 
b5.20N 4— 
T? 65.30N 
qlin 


Fee 





Assume no slipping between A and B. 


Peg D: 


f.d 
E =e", Rp= 30 e” (2) = 65.80 N 


J EF, = 0; — 65.80 - 0.25 Nec + Fog cos 45° = 0 
+TER =0; Nec — 981 + Fog sin 45° — 1509.81) = 0 
Foe = 768.1N 


Nac = 1909.4N 


Peg E: 


R= Te"; Fe 768.1 7) = LAN Ans 
Note: Since B moves to the right, 


(Fas )war = 0.25 (981) = 245.25N 


E 
245.25 = Paas e™* (È) 
Pa = I12N > 30N 


Hence, no slipping occurs between A and B as originally assumed 
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surface for which u, = 0.25. If the coefficient of static 
friction between the cord and the fixed peg at Cis u, = 0.3, 
determine the greatest weight of the suspended cylinder B 
without causing motion. 





8-111. Block A has a weight of 100 lb and rests on a r 2 ft — 











rr 
Frictional Force on Flat Belt : Here, B = 60° = 7 rad and T, =W. 


Applying Eq. 8-6, T, = T, e”? , we have 





Wane T =0.7304W 


Equations of Equilibrium : From FBD (b), 


+TIF =0; N-0.7304Wsin 30°- 100 =0 [1] B | l gge 


Í, EF =0; 0.7304Wcos 30°- F=0 [2] 





(+ EM, =0;  100(x)-0.7304Wcos 30° (4) 
-0.7304Wsin 30°(1-x) =0 [3] : | 
T= N 
Friction : Assuming the block is on the verge of tipping, then x = | ft. 
Substituting this value into Eqs.(1], [2] and [3] and solving yields 


12 F8im 


Since FL, = H, N = 0.25(114.43) = 28.61 lb > F, the block does not slip but 
ups. Therefore, the above assumption is correct. 


W = 39.5 lb Ans 


F=250b N= 114.43 lb 
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*8-112. Block A has a mass of 50 kg and rests on surface 
B for which u, = 0.25. If the coefficient of static friction 
between the cord and the fixed peg at C is u; = 0.3, 
determine the greatest mass of the suspended cylinder D 
without causing motion. 








Block A: 





Assume block A slips and does not ap. 


E-i) 
+TEF 20; Me + FT- 50 (9.81) = 0 $1(4.8)N 











-STE E 
. 4 3- T 
SEF, =% 025M- 57 =0 
zari x = 00516m < 0.125m OK 
= 413.1 N , 
ill om (9. zi) nl Peg: 
T= 129.1N ie aceon : same o.254 
5 = T, e”; 981m = 129.1¢724— = 35.8 j: = z 
GEM, = 0; -S0(9.81) x + $ (129.1) (0.3) - 5 (129.1) (0.125 - x) = 0 ee Ne 
T 0125M F0(981) N 
—| F=0.25N, 
£ zl 
366] Tan’ (2) 
T=TH27IN 
T =G.8! 
hzF8im 
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e8-113. Block A has a mass of 50 kg and rests on surface 
B for which u, = 0.25. If the mass of the suspended cylinder 
D is 4 kg, determine the frictional force acting on A and 
check if motion occurs. The coefficient of static friction 
between the cord and the fixed peg at Cis u; = 0.3. 


90 + 36.97). + 
hage, 40.81) = reo? ) 
T = 20.19N HITAN 


Block A : 
P 0S SOLIN 
SEF, = 0; Fy - 5 (20.19) = 0 ) 

F, a 62N Anm 


+TIF, = 0; Ma = 500-9 + $ 20.19) = 0 


M, = 478.4N 





(Falmer = 0.25 (478.4) = 119.6N> 16.16N OK 


Block does not slip. 


GEM = 0; - 500.81) x + $ (20.19) (0.3) - $ (20.19) (0.125 - 2) zÜ 





x = 0.00697 mi < 0.125m O.K. | 
T= 428 N 


No tipping occurs. Ans 


8-114. The collar bearing uniformly supports an axial 
force of P = 800 lb. If the coefficient of static friction is 
uş = 0.3, determine the torque M required to overcome 
friction. 


2 (R-R 
M = 3H P (a | 














(1.5)3 — 13 
(1.5)? — a | 


= TOC 


= 304 Ib-in. Ans 





784 








8 Solutions 44918 1/27/09 1:53 PM Page 785 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


8-115. The collar bearing uniformly supports an axial 
force of P = 500 lb. If a torque of M = 3 lb: ft is applied to 
the shaft and causes it to rotate at constant velocity, 
determine the coefficient of kinetic friction at the surface of 
contact. 


z R- R 
EE 














2 
3(12) = =H (500)| 


(1.5)3 - 23 
(1.5)? - 12 


H, = 0.0568 - Ans 


*8-116. If the spring exerts a force of 900 Ib on the block, 
determine the torque M required to rotate the shaft. The 


coefficient of static friction at all contacting surfaces is 
u; = 0.3. 


2i 6in. 
Here, Ri === lin., Rp =~ =3in., Hs = 0.3 and P = 900 1b, since M is required to overcome the 
friction of two contacting surfaces. Eq. 8-7 becomes 


2 { RP - RP 

M= 3H z z 
Ry -R 

a3 ao 

4 3s -=l 


= 1170 lb-in =97.5 lb-ft 


e8-117. The disk clutch is used in standard transmissions 
of automobiles. If four springs are used to force the two 
plates A and B together, determine the force in each spring 
required to transmit a moment of M = 600 lb -ft across the 
plates. The coefficient of static friction between A and B 1s 
u; = 0.3. 





Bearing Friction : Applying Eq. 8-7 with R =5 in., R = 2 in., M = 600(12) 
= 7200 ib- in, u, = 0.3 and P= 4F,, we have 


_2, RR 
TEE 

2 -r 
7200 = $(03)(48,)(5— } 


F,, = 1615.38 Ib = 1.62 kip 
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8-118. If P = 900N is applied to the handle of the bell 
crank, determine the maximum torque M the cone clutch 
can transmit. The coefficient of static friction at the 
contacting surface is u, = 0.3. 

















Referring to the free - body diagram of the bellcrank shown in Fig. a, we have 
+IM p = 0; 900(0.375)— F-(0.2) =0 Fe =1687.5N 





Using this result and referring to the free - body diagram of the cone clutch shown in Fig. b, 








+ Er =Q Xan 1s°|-16875=0 N = 6520.00N 
The area of the differential element shown shaded in Figc is dA = 2r ds = 2ir— > = -ŽE r dr. Thus, 
In| In 
015m 5, 
A =| dA = r dr = 0.08345 m2. The pressure acting on the cone surface is 
A 0.125m sin 15° 
= N = 9520-00 | WIX N / m2 
A 0.08345 


it 
15° 





The normal force acting on the differential element dA is dN = p dA = 78.1310" 2 far = 1896:7x10°r dr. 
sin 


Thus, the frictional force acting on this differential element is given by dF = u,dN = 0.X1896.73X10°)r dr 
= 569.0X 10 )r dr. The moment equation about the axle of the cone clutch gives 
IM =0;, M -f rdF = 0 

0.15 m 


m=f rdF = 569.0210 ) r?dr 
0.125m 


M =7270N -m Ans. 








pT 


MTT TT) C 


(Cc) 
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8-119. Because of wearing at the edges, the pivot bearing 
is subjected to a conical pressure distribution at its surface 
of contact. Determine the torque M required to overcome 
friction and turn the shaft, which supports an axial force P. 
The coefficient of static friction is u,. For the solution, it is 
necessary to determine the peak pressure po in terms of P 
and the bearing radius R. 





Equations of Equilibrium and Bearing Friction : Using similar triangles, 





a =. p= P (R=). Also, dA = 2erdr, dN = pdA and dF = p, dN 
= pt, pda. 
+ TIF =0; J pda -P=0 
=> (R =r) (2rd) - P=0 
2mp, c* 
Ea aa 
3P 
Po = saz [1] 
(+20, =0; J (u,pda)r—M =0 
R 
f <P (R -r)(2rrdr)r-M=0 
2a}, Po a 
a], r (R-r)dr-M=0 
mu, R? 
M= (2) 
Substituting Eq. [1] into [2] yields 
_ mu,R?(3P\_ w,PR 
Ma ( aa) sa 
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*8-120. The pivot bearing is subjected to a parabolic 
pressure distribution at its surface of contact. If the 
coefficient of static friction is w,, determine the torque M 
required to overcome friction and turn the shaft if it 
supports an axial force P. 





The differential area dA = (rd@)(dr) 


3 2 
P=|pda=] at j Ez Jira dr = po fz “do fy (1-4) 


Pu aR? Po s 1P 
— 2 eR? 


3P i 
dN = pdA = = (1-5 edoan 


sf (al a 
M | rdF.= | u,rdN= > f daj r l Ri 


8 
=—/ Ans 
pg PR 
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e8-121. The shaft is subjected to an axial force P. If the 
reactive pressure on the conical bearing is uniform, 
determine the torque M that is just sufficient to rotate the 
shaft. The coefficient of static friction at the contacting 
surface is 4y- 








Referring to the free - body diagram of the shaft shown in Fig. a, 





N P 
+ TIF, =0; —cos@ |-P N=— 
y d5 ) cð 
The area of the differential element shown shaded in Fig. bis dA = 27mrds = = rdr. Thus, 
cos 





A =| d=| —rdr= (a? -4”) 
A d, {2 cos@ 4 cos@ 


Therefore, the pressure acting on the cone surface is 








N Picoé AP 
p = "z= Í M 
A _Ħ ( 2 2) ( 2 2) 
d,* = tida =d 
Tang 2 d 2 l 


The normal force acting on the differential element dA is 
SP 


dN = pdA= = 5 rdr) = rdr 
mdz? —d,2)\ os 8 (d3? - a)? \cos 8 


Thus, the frictional force acting on this differential element is given by 
8HP 


dF = p.dN = rdr 
(az? - d?) cos0 
The moment equation about the axle of the shaft gives 


IM = 0; u-| raF = () 


Su sP jer 
(a? - a? )cos0 d,!2 


3 2 
= e a Es i 4 
30080 | do” —d,? 


m=Í radF = 
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8-122. ‘The tractor is used to push the 1500-Ib pipe. To do 
this it must overcome the frictional forces at the ground, 
caused by sand. Assuming that the sand exerts a pressure on 
the bottom of the pipe as shown, and the coefficient of static 
friction between the pipe and the sand is p, = 0.3, 
determine the horizontal force required to push the pipe 
forward. Also, determine the peak pressure po. 














i 12 ft | 


+T2R = 0; 2147 p,cosd (rdo) cos@ -W = 0 
nE | 

2palr |” cos 8de = W 

0 

i l. a 
2p, ri(56 + 7129], = W 

Po 

Hpo) r#(7) = W 


2 po(15)(12)(12)(=) = 1500 
Po = 0.442 pai Ans 
-0s 
F= |” (0.3)(0.442 W/in*}(12 £9(12 in, OAS in.) dO 
-at 


F= 573]b Ans 





790 








8 Solutions 44918 1/27/09 1:53 PM Page 791 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


8-123. The conical bearing is subjected to a constant P 
pressure distribution at its surface of contact. If the | 
coefficient of static friction is uş, determine the torque M M 
required to overcome friction if the shaft supports an axial 
force P. 











The differential area (shaded) dA = m{ = zarar 
cos cos é 


P = |pcos0dA = [pcos (ŻEE ) = amp rdr 


‘cos @ 
P 
man 2 
Paok PM 
= pdi a -L [2E E 
pa AE) Rcos@ 


uP (f, 
M= = = 
JrdF = | p, rdN ai zh rt 


HP R’ _ 2u,PR 
R?cos@ 3 3cos0 
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*8-124,. Assuming that the variation of pressure at the 
bottom of the pivot bearing is defined as p = po(R,/r), 
determine the torque M needed to overcome friction if the 
shaft is subjected to an axial force P. The coefficient of static 
friction is u. For the solution, it is necessary to determine 
Po in terms of P and the bearing dimensions R4 and R}. 








AF- Md 


AN Par 


if, =0 P= jay = fJ pr dr do 
| 


=f” {po (=) r dr a0 
= 2f Po R (R — R) 


P 


Thus, dee 
wr PO Fan (RR) 


EM =0; M= | rdF = Di oe pr? dr 0 


= A ime (7) ta 


F 
= i, (2m po) R +(e - Ri) 
Using Eq. (1): 


M= 51, P (+R) . Ans 
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e§-125. The shaft of radius r fits loosely on the journal 
bearing. If the shaft transmits a vertical force P to the 
bearing and the coefficient of kinetic friction between the 
shaft and the bearing is ug, determine the torque M 
required to turn the shaft with constant velocity. 





From the geometry of the free - body diagram of the shaft shown in Fig. a, 


N 
tan k = PET = ph 


Thus, referring to Fig. b, we obtain 
oe - E 


qi+ ug 


Referring to the free - body diagram of the shaft shown in Fig. a, 


Hk =0 


(+4 =0; M -P Te 
oe.’ S 
M Tae T 
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8-126. The pulley is supported by a 25-mm-diameter pin. 
If the pulley fits loosely on the pin, determine the smallest 
force P required to raise the bucket. The bucket has a mass 
of 20 kg and the coefficient of static friction between the 
pulley and the pin is u, = 0.3. Neglect the mass of the 
pulley and assume that the cable does not slip on the pulley. 





Referring to the free- body diagram of the pulley shown in Fig. a, 


+, =F, =Q P cos60° ~ R, = 0 R; = 0.5P 
+ Î IF, =0; Ry — Psin 60° — 20(9.81)= 0 Ry = 0.8660P + 196.2 
Thus, the magnitude of R is 


R= ke + Ry? = KO.5P)? + (0.8660 P + 196.2)? 
= dp? + 339.83P + 38494.44 


By referring to the geometry shown in Fig. b, we find that @, = tan! Hs = tan~!(0.3) = 16.699°. Thus, 
the moment arm of R from point O is (12.5sin16.699°) mm. Using these results and writing the moment 
equation about point O, Fig. a, 


(+o = 0; 20(9.81)(75)+ ¥P* + 339.83P + 38494,44(12.5sin16.699°) — P(75) = 0 


Choosing the root P > 20(9.81) N, 
P =215N Ans. 


(2.9sin 10-699 ° 


12:5 Sin le-O9G - = 














Pe =/6-699° 


204.81) N (b) 


CA) 
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8-127. The pulley is supported by a 25-mm-diameter pin. 
If the pulley fits loosely on the pin, determine the largest 
force P that can be applied to the rope and yet lower the 
bucket. The bucket has a mass of 20 kg and the coefficient 
of static friction between the pulley and the pin is u, = 0.3. 
Neglect the mass of the pulley and assume that the cable 
does not slip on the pulley. 





Referring to the free- body diagram of the pulley shown in Fig. a, 
=F, =0 P cos60°~ R, = 0 R, =0.5P 
+ T IF, =0; Ry — Psin 60° — 20(9.81)= 0 Ry = 0.8660P + 196.2 


Thus, the magnitude of R is 


R= ke + Ry? = KO.5P)? + (0.8660P + 196.2)? 
= dr? + 339.83P + 38494.44 


By referring to the geometry shown in Fig. b, we find that @, = tan”! Hl; = tan~!(0.3) = 16.699°. Thus, 
the moment arm of R from point O is (12.5sin16.699°) mm. Using these results and writing the moment 
equation about point O, Fig. a, 


mo = 0; 20(9.81)(75) — P(75)— YP? + 339.83P + 38494.44 (12.5sin16.699°) = 0 


Choosing the root P <20(9.81) N, 
P =179N Ans. 


I2-98iN16. 699° 12-5 5iN/10.699° 





2009.) N 
(A) 
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*8-128. The cylinders are suspended from the end of the 
bar which fits loosely into a 40-mm-diameter pin. If A has a 
mass of 10 kg, determine the required mass of B which is 
just sufficient to keep the bar from rotating clockwise. The 
coefficient of static friction between the bar and the pin is 
us; = 0.3. Neglect the mass of the bar. 





By referring to the geometry, we find that ¢, = tan~! u, = tan~1(0.3) = 16.699°. Thus, 
the moment arm of Rfrom point O is (20sin16.699° ) mm. 


(™a = 0; 10(9.81)(800+ 20sin16.699°) — mp (9.81)( 600— 20sin16.699°) = 0 
imi p= 13.6 kg 


e8-129. The cylinders are suspended from the end of the 
bar which fits loosely into a 40-mm-diameter pin. If A has a 
mass of 10 kg, determine the required mass of B which is just 
sufficient to keep the bar from rotating counterclockwise. 
The coefficient of static friction between the bar and the pin 
is u, = 0.3. Neglect the mass of the bar. 





By referring to the geometry, we find that @, = tan! u, = tan~1(0.3) = 16.699°. Thus, 
the moment arm of Rfrom point O is (20sin16.699° ) mm. 


(™a =0; 109.81800- 20sin16.699°)— mp (9.81)( 600+ 20sin16.699°) = 0 
mp =13.1 kg 


8-130. The connecting rod is attached to the piston by 
a 0.75-in.-diameter pin at B and to the crank shaft by a 
2-in.-diameter bearing A. If the piston is moving 
downwards, and the coefficient of static friction at the 
contact points is u, = 0.2, determine the radius of the 
friction circle at each connection. 























(rr)a =æ rah = 0.2 in. Ans 


(r)a = ralh = 27e» = 0.075in. Ans 
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8-131. The connecting rod is attached to the piston by a 
20-mm-diameter pin at B and to the crank shaft by a 
50-mm-diameter bearing A. If the piston is moving 
upwards, and the coefficient of static friction at the contact 
points is u, = 0.3, determine the radius of the friction circle 
at each connection. 


(rps 2 rab, = 25 (0.3) = 7.50mm Ans 


(rp )e = rgh, = 10 (0.3) = J mm Ans 





*8-132. The 5-kg pulley has a diameter of 240 mm and the 
axle has a diameter of 40 mm. If the coefficient of kinetic 
friction between the axle and the pulley is pu, = 0.15, 
determine the vertical force P on the rope required to lift 
the 80-kg block at constant velocity. 





p= 0.15 
ġe = tan (0.15) = 8.531° 


m% = rsing, = 20 sin8.531° = 2.967 mm 





By approximation 
T, = ry = 20(0.15) = 3.00 mm 
{s = o; — 784.8(120 + 1,) — 49.05 y + P(120 - y) = 0 
If exact value of r, (2.967 mm) is used, 
Thus P = 826N Ans 
If approximate value of 7, (3.00 mm) is used, 


also P= 826 N Ang (approx.) 
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e8-133. Solve Prob. 8-132 if the force P is applied 
horizontally to the right. 

fa = tan (0.15) = 8.531° 

T; = rsing, = 20 sin8.531° = 2.967 mm 


By approximation 


m = r = 200.15) = 3.00 mm 


(+E = 0; 784,8(0.120) + R( r) G(0.120) = 0 


+ 


EE, = 0; R =P 
+TEE = 0; R, = 833.85 
R = oP + (833.85)? 
—94.18 + 0.12 P = yP? + (833.85) r, 
If exact value of 7, (0.002967 m ) is used, then 
P=814N ` Ans 
If approximate value of r, (0.003 m) is used, then 


P= 814N Ang (approx.) 





8-134. The bell crank fits loosely into a 0.5-in-diameter 
pin. Determine the required force P which is just sufficient 
to rotate the bell crank clockwise. The coefficient of static 
friction between the pin and the bell crank is u, = 0.3. 





$ ER =Q P cos45°— R, =0 Ry = 0.7071P 
+ T EF, =0; Ry — Psin 45°-50=0 Ry = 0.7071P +50 
Thus, the magnitude of R is 


R= k? + Ry? = Q0.7071P)? +(0.7071P +50)? 
= dr? + 70.71P + 2500 


We find that ġ, = tan”! u, = tan~} (0.3) = 16.699°. Thus, 
the moment arm of Rfrom point O is (0.25sin16.699°) mm. Using these results and writing the moment 
equation about point O, Fig. a, 


(Mo = 0; 50(10)+-¥P* + 70.71P +2500 (0.25sin1 6.699° )— P(12) = 0 
Choosing the larger root, 
P = 42.2 Ib Ans. 
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8-135. The bell crank fits loosely into a 0.5-in-diameter 
pin. If P = 41 lb, the bell crank is then on the verge of 
rotating counterclockwise. Determine the coefficient of 
static friction between the pin and the bell crank. 








IEF =Q 41 cos45° — R, =0 R, = 28.991 Ib 
+ T EF, =0; Ry — 4lsin 45° — 50 = 0 Ry = 78.991 Ib 


Thus, the magnitude of R is 


R= dr? +R? = 928.9917 +78.9912 = 84.144 Ib 


We find that the moment arm of R from point Ois 0.25sin @.. 
Using these results and writing the moment equation about point O , Fig. a, 


(+o =0: 5010)—41(12)—84.144(0.25sinġ,)= 0 
p; = 22.35° 
Thus, 
Hs = tang, = tan22.35° = 0.411 Ans. 
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*8-136. The wagon together with the load weighs 150 Ib. 
If the coefficient of rolling resistance is a = 0.03 in., 
determine the force P required to pull the wagon with 
constant velocity. 





The normal reaction N on the wheels can be obtained by referring to the free - body diagram of the wagon shown in Fig. a. 
+ TF, =0; N + Psin45° - 150= 0 N =150-0.7071P 


Since the rolling resistance of the wheels is F = Lia where W = N = 150- 0.7071P, a= 0.03 in. and r= 3 in., then 
r 


(150— 0.7071PX0.03 _ 
3 


+ ZF, =Q P 00s 45° — 0 


P = 2.10 lb Ans. 


150 |b 


(2) 
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e8-137. The lawn roller has a mass of 80 kg. If the arm BA 
is held at an angle of 30° from the horizontal and the 
coefficient of rolling resistance for the roller is 25 mm, 
determine the force P needed to push the roller at constant 
speed. Neglect friction developed at the axle, A, and assume 
that the resultant force P acting on the handle is applied 
along arm BA. 


25 ; 
= =l = | = a 
@ = sin (=) 5.74 
GEM = 0 —25 (784.8) — P am 30° (25) + P cos 30° (250 cos 5.74°) = 0 


Solving, 


P = 9.7N Ans 
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8-138. Determine the force P required to overcome 
rolling resistance and pull the 50-kg roller up the inclined 
plane with constant velocity. The coefficient of rolling 
resistance is a = 15 mm. 








From the geometry indicated on the free - body diagram of the roller shown in Fig. a, @ = sin( 5) = 2.866°. 
We have 
Tar: =0; Pcos30°— 509.81) sin30° — R sin2.866° = 0 
4X Ky = 0; P sin30° +R cos2.866° — 50(9.81) cos 30° = 0 
Solving, 
P =299N Ans. 
R = 775.58 N 
P can also be obtained directly by writing the moment equation of equilibrium about point A. Referring to Fig. a, 
(qm a=0; 50(9.81)sin(30° + 2.866° X300) — P cos(30° — 2.866°X( 300) = 0 
P =299N Ans. 
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8-139. Determine the force P required to overcome 
rolling resistance and support the 50-kg roller if it rolls 
down the inclined plane with constant velocity. The 
coefficient of rolling resistance is a = 15 mm. 





From the geometry indicated on the free - body diagram of the roller shown in Fig. a, @ = f) = 2.866°. 


te EF, = 0; P.cos30° + Rsin2.866° — 50(9.81) sin30° = 0 


HÄ ZF; =0; P sin30° +R cos.2.866° — 50(9.81)cos 30° = 0 


Solving, 
P = 266N Ans. 
R = 291.98 N 


P can also be obtained directly by writing the moment equation of equilibrium about point A. Referring to Fig. a, 
QM 4 =0; 50(9.81)sin(30° — 2.866° (300) — P.cos(30° + 2.866°)( 300) = 0 
P =266N 


SOJN p 
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*8-140. The cylinder is subjected to a load that has a 
weight W. If the coefficients of rolling resistance for the 
cylinder’s top and bottom surfaces are a, and ap, 
respectively, show that a horizontal force having a 
magnitude of P = [W(a, + ag)|/2r is required to move the 
load and thereby roll the cylinder forward. Neglect the 
weight of the cylinder. 





SEF, 30; (Ri)e-P 20 (R)e=P 


+TEF =0; (R) -W=0 (&), aW 


(Em =0; P(rcos@ 4+rcos@») -Wia +a) =0 (1) 
Since @, and @, are very small, cos¢@, ~cos¢, = |. Hence, from Eq. (1) 


„ Waa + an) 
P a (QED) 





e8-141. The 1.2-Mg steel beam is moved over a level 
surface using a series of 30-mm-diameter rollers for which 
the coefficient of rolling resistance is 0.4 mm at the ground 
and 0.2 mm at the bottom surface of the beam. Determine 
the horizontal force P needed to push the beam forward at 
a constant speed. Hint: Use the result of Prob. 8-140. 


- W (ay + ap) = (1200) (9.81) (0.2 + 0.4) 


P 
Zr 2 (15) 


P=235N Ans 
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8-142. Determine the smallest horizontal force P that 
must be exerted on the 200-Ib block to move it forward. The 
rollers each weigh 50 lb, and the coefficient of rolling 
resistance at the top and bottom surfaces is a = 0.2 in. 


In general : 
(em = 0; P(rcos¢ + rcos gy) - W (a, +a- Way = 0 
Since @ and ġa are very small, cos ¢ = cos ¢@ = 1. Hence, 

. P(2r) = W (a, + ag) + W as 


p = "Ga + as) + Wap 
2r 


Thus, for the problem, 


Pa (= (0.2 + 0.2) + 2 (50) 0?) 
2 (1.25) 


P=40b Am 


8-143. A single force P is applied to the handle of the 
drawer. If friction is neglected at the bottom and the 
coefficient of static friction along the sides is u, = 0.4, 
determine the largest spacing s between the symmetrically 
placed handles so that the drawer does not bind at the 
corners A and B when the force P is applied to one of 
the handles. 





Equations of Equilibrium and Friction : Uf the drawer does not bind at 
comers A and B, slipping would have to occur at points A and B. Hence, 
F =uN, = 04N; and 5 = uNa = 04Na. 


5 EF =0; N,-N,=0 N, =N =N 


+TEF=0; 04N+04N-P=0 P=0.8N 


2 


$+ 1.25 


(+ IM,=0; (0.3) +0.4N(1.25) -o8n(— = =0 
n[o3+0s-o.( 0 


2 


~-Since N # 0, then 


0.3+05-08(-~ =) <0 


3 = 0.750 m 
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*8-144. The semicircular thin hoop of weight W and 
center of gravity at G is suspended by the small peg at A.A 
horizontal force P is slowly applied at B. If the hoop begins 
to slip at A when 6 = 30°, determine the coefficient of static 


friction between the hoop and the peg. 








> EF, =0, P+ F, cos’ -M sin30° = 0 


+TEF, 30; A sin30°+M cos3°-W=0 
+EM, = 0: -= W sin W 2R i 
4 ; sin —_, + F sin 30° (R) + P cos 30° (2) = 0 


P = 0.1330 W 
0.1330 (F, sin 30° + Ny cos 30°) + F, cos 30° - N, sin 30° = 0 


F, (0.9325) — N, (0.3848) = 0 


Fy 0.3848 
Ha N, = 0.9325 =0.413 Ans 


Also, 
+ EF, = 0: Ny - W cos 30° = P sn 30° =0 


+fEF, = 0: py Ny - Wsin 30° + P cos 0° =0 





(zm = 0: -W sin 30° (R) (1 - =) + P cos 30° (R) + P sin 30° (R) = 0 


P=0.133 W 


Ma = 0.413 Ans 
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e8-145. The truck has a mass of 1.25 Mg and a center of 
mass at G. Determine the greatest load it can pull if (a) the 
truck has rear-wheel drive while the front wheels are free to 
roll, and (b) the truck has four-wheel drive. The coefficient of 
static friction between the wheels and the ground is u, = 0.5, 
and between the crate and the ground, it is u; = 0.4. 











a) The truck with rear wheel drive. 


Equations of Equilibrium and Friction : lt is required that the rear wheels 
of the truck slip. Hence A = u, N, =0.5N, .From FBD (a), 


( +IM, =0; — 1.25( 10°) (9.81)(1) +7(0.6)-N,(2.5)=0 [1] 


SEF =0; 0.5N,-T=0 (2) 
Solving Egs.[1] and [2] yields 
N, =5573.86N T=2786.93N 
Since the crate moves, F- = 1,"N- = 0.4N,. From FBD (c), 


+TIF=0; No-W=0 NeW 


SIF =0; 2786.93-0.4W=0 
W = 6967.33 N = 6.97 kN Ans 


b) The ruck with four wheel drive. 
Equations of Equilibrium and Friction : It is required that the rear wheel $ 
and front wheels of the tuck slip. Hence F, = u, N, = 0.5N, and Fy 
= ,N, = 0.5N,.From FBD (b), 

(+ EM, =0; 1.25( 10°) (9.81)(1) +7(0.6)-M,(2.5)=0 [3] 

(+=M, =0; Ng (2.5)+T7(0.6) - 1.25( 10°) (9.81)(1.5)=0 [4] 

EF =0; 0.5N, +0.5N, -T=0 [5] 
Solving Egs. [3], [4] and [5] yields 
N, =6376.5N N,=5886.0N T=6131.25N 

Since the crate moves, F. = u, 'Ne = 0.4N,. From FBD (c), 


+TIF =Ü; N--W=0 Ne =W 


EF =0; 6131.25-0.4W=0 


W = 15328.125 N = 15.3 kN Ans 
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8-146. Solve Prob. 8-145 if the truck and crate are 
traveling up a 10° incline. 


























k— 1.5 m—>--1 m— 


a) The truck with rear wheel drive. 


Equations of Equilibrium and Friction : It is required that the rear wheel 
of the truck slip hence F, = u, N; =0.5N,.From FBD (a), 


(+ EM, =0: 1.25( 10°) (9.81) cos 10°(1) 


+ 1.25( 10°) (9.81) sin 10°(0.8) 
+T(0.6) — N, (2.5) =0 [1] 


ta ER, =0;  0.5N4 - 1.25( 10°) (9.81) sin 10°-T=0 [2] 
Solving Egs. [1] and [2] yields 
N, =5682.76N T=712.02N 
Since the crate moves, F- = p,"N- = 0.4N,. From FBD (c), 


\+ER.=0;  No-Weos 10°=0 Ne = 0.9848 


Ar =0; 712.02- Wsin 10°-0.4(0.9848W) =0 
W = 1254.50 N = 1.25 kN Ans 


b) The truck with four wheel drive. 


Equations of Equilibrium and Friction : It is required that the rear wheels 
of the truck slip hence F, = u,N, =0.5N,. From FBD (4), 


(+ EM =0; 1.25( 10°) (9.81) cos 10°(1) 


+1.25( 10°) (9.81) sin 10° (0.8) 
+T(0.6) - N, (2.5) =0 [3] 


(+ 2m, =0; —1.25( 10°) (9.81)cos 10°(1.5) 


+ 1.25( 10°) (9.81) sin 10°(0.8) 
+ T(0.6) +N, (2.5) =0 [4] 





+ ER =0; 05N, +0.5Nq - 1.25( 10°) (9.81) sin 10°-7T=0 [5] 


Solving Eqs. [3], [4] and [5] yields 
Na = 6449.98 N N, =5626.23N T=3908.74N 
Since the crate moves, Fo = u,"N- =0.4N,. From FBD (c), 


+R. =0; Ne-Wcos10°=0 Ne =0.9848W 


ZF =0; 3908.74- Wsin 10° - 0.4(0.9848W) =0 
W = 6886.79 N = 6.89 kN Ans 
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8-147. If block A has a mass of 1.5 kg, determine the 
largest mass of block B without causing motion of the 
system. The coefficient of static friction between the blocks 
and inclined planes is u, = 0.2. 





By inspection, A will tend to move down the plane. 


Block A : 





teh =0; T- 0.2M, — 1.5(9.81) sin 45° = 0 
ÀIS 20; Ny -1.5(9.81) cos 45° = 0 
Block B : 

NIA = 0: T+ 0.2Ny -9.81 (tp) sin 60° = 0 
yt, = 0; MN, — 9.81 (mg) cos 60° = 0 


Solving, 





N, = 10.4N; M =8.15N:; T= 12.5N; 


mi, = 1.66 kg Ans 
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*8-148. The cone has a weight W and center of gravity at 
G. If a horizontal force P is gradually applied to the string 
attached to its vertex, determine the maximum coefficient 
of static friction for slipping to occur. 











Equations of Equilibrium : In this case, it is required that the cone slips and 
about to tip about point A. Hence, F= (H) aa NV. 


(+M, =0; w(z)-Pom =0 pam 


+TIF =0; N-W=0 N=W 





+ W 
(it, man = 0.250 Ans 
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e§-149. The tractor pulls on the fixed tree stump. 
Determine the torque that must be applied by the engine to 
the rear wheels to cause them to slip. The front wheels are 
free to roll. The tractor weighs 3500 Ib and has a center of 
gravity at G. The coefficient of static friction between the 
rear wheels and the ground is u, = 0.5. 





Equations of Equilibrium and Friction : Assume that the rear wheels 
B slip. Hence F =u, Ny = 05N}. 


(+M, =0 N,(8)-—T(2)-3500(5) =0 (1) 


+TER=0; N,+N,-3500=0 [2] 





+25 =0; T-0.5N, =0 (3) 
Solving Eqs.(1], [2] and [3] yields 
N,=1000lb Ny =2500ib = T=12501b M ane 


Since N, > 0, the front wheels do not lift up. Therefore the rear wheels slip as Op 
assumed. Thus, Æ = 0.5(2500) = 1250 lb. From FED (b), 


(IM, =0, M-1250(2)=0 F,21250 lb 


M = 2500 Ib - ft = 2.50 kip - ft Ans 
(b) N=2500 lb 
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8-150. The tractor pulls on the fixed tree stump. If the 
coefficient of static friction between the rear wheels and 
the ground is u, = 0.6, determine if the rear wheels slip or 
the front wheels lift off the ground as the engine provides 
torque to the rear wheels. What is the torque needed to 
cause this motion? The front wheels are free to roll. The 
tractor weighs 2500 Ib and has a center of gravity at G. 














Equations of Equilibrium and Friction : Assume that the rear wheels 
B slip. Hence F = u, Na = 0.6N,. 


(+a, =0 N,(8)—T(2)-2500(5) =0 (1) 2500 tb 


+TER =0; Ng +N, -2500=0 (2] 


EF =0; T-0.6N,=0 [3] 
Solving Eqs.{1], [2] and [3] yields 
N, =661.76 lb N, =1838.24Ib T= 1102.94 Ib 
Since N, > 0, the front wheels do not lift off the ground. Therefore 


the rear wheels slip as assumed. Thus, Æ = 0.6( 1838.24) = 1102.94 Ib. From 
FBD (b), 





Reog- Ig!b 


+EMo=0, M-1102.94(2) =0 
M = 2205.88 Ib- ft= 2.21 kip-ft | Ans Ng (826-24 I$ 
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8-151. A roofer, having a mass of 70 kg, walks slowly in an 
upright position down along the surface of a dome that has 
a radius of curvature of r = 20 m. If the coefficient of static 
friction between his shoes and the dome is u, = 0.7, 
determine the angle 6 at which he first begins to slip. 





FOF. TN 


+f EF, =0; N-70(9.81)c0s6 =0 
SEA =0; 700.81)sin0-0.71N=0 


Solving Eqs. (1) and (2) yields : 


*8-152. Column D is subjected to a vertical load of 8000 Ib 
8000 Ib. It is supported on two identical wedges A and B for 

which the coefficient of static friction at the contacting 

surfaces between A and B and between B and Cis p, = 0.4. 

Determine the force P needed to raise the column and the 

equilibrium force P’ needed to hold wedge A stationary. 

The contacting surface between A and D is smooth. 


Wedge A: 
+TIF,=0; Ncosl0°-0.4Nsin10°-8000=0 


N= 8739.8 lb 


Í EF, =0;  0.4(8739,8)cos10° + 8739.8 sin 10° - P’ =0 


P” = 4960 ib = 4.96 kip Ans 
Wedge B : 


+ÎEF, =0; Ne +0.4(8739,8)sin 10° —8739.8c0s10° = 0 
Ne = 8000 Ib 
“EF, =0; P—-0.4(8000)- 8739.8sin 10° - 0.4(8739. 8)c0s 10° =0 


P=8160 Ib =8. 16 kip Ans 
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e8—-153. Column D is subjected to a vertical load of 8000 Ib. 8000 Ib 
It is supported on two identical wedges A and B for which 
the coefficient of static friction at the contacting surfaces 


between A and B and between B and C is u, = 0.4. If the 
forces P and P’ are removed, are the wedges self-locking? 
The contacting surface between A and D is smooth. 








Wedge A: 
QEF, =0; —N-8000c0s10° =0 / 


N = 7878.5 1b 


{e = ; , 8000sin10°-F =0 





F = 1389.2 Ib 
' lip at 
Since F = 1389.2 lb < 0.4(7878.5) = 3151.4 lb, the wedges do not slip at 
contact surface AB. ri 

Wedge B: 


+TER=0; Ne= 1389.2sin 10° —7878.5c0s10° = 0 





Ne = 8000 Ib 

+ i 

-ER =0;_ Fo+1389.2co0s10°—7878.5sin 10° = 0 
F-=0 


Since Fe =0, no slipping occurs at contact surface BC. Therefore, the wedges 
are self-locking. Ans 
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e9-1. Determine the mass and the location of the center of y 
mass (x, y) of the uniform parabolic-shaped rod. The mass 
per unit length of the rod is 2 kg/m. 





Differential Element. The length of the element shown shaded in Fig. a is yo = 4x 


2 
dl = fdr? + dy? = (2) dy A 











Here, =_ Z. Thus, 
dy 2 














The mass of the element is 


dn -pa = iF +4) d= y+4a 


2 


The centroid of the element is located ati=x= and y = y. Integrating, 
4m 
m=f an=] ly? +4 dy = 11.832 kg =11.8kg Ans. 
m ü 
4 
f= Í ye dy? +4 dy 
i eg a ie Ans. 





FS m SO m SE | 2,2945 m = 2.29 Ans. 
4m 122° OMS SeA m 

| dm Í y?+4 dy 

m 0 
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9-2. The uniform rod is bent into the shape of a parabola y 
and has a weight per unit length of 6 lb/ft. Determine the 
reactions at the fixed support A. 





Differential Element. The length of the element shown shaded in Fig. a is 


| 7 
anda? +o = i+{ | dy 


dy 











Here, T= =y. Thus, 


2 
dL = 1+( 35) dy = = 97 44y* dy ~ 3 ft : 











3 


The weight of the element is therefore 


aw = dl = 6) 9+4y? p|- 9+ 4y? dy 


2 
The centroid of the element is located at x = x = = Integrating, 


3f 
w=| aw = | 249+ 4y” dy = 26.621 Ib 
w 0 


3ft 2 3 ft . 
| xdW | — 29+ 4y? dy zÍ J CAZ a dy, 
= al o 3 | 3 Jo 32.742 
r= = = ee = = 1.22998 


W 

3ft A ~ 3ft : 
J dw f 249 +4y" dy 2| 9+ 4y“ dy 
W 0 0 


Equations of Equilibrium: By referring to the free - body diagram of the rod shown in Fig. b, yields 


tI; =0 A, =0 Ans. 
+ TX, =0; Ay ~ 26.621= 0 Ay = 26.621 Ib =26.6 Ib Ans. 
(+2M 4 = 0; M 4 — 26.621(1.229) = 0 M 4 = 32.74 Ib- ft =32.7 Ib - ft Ans. 





(b) 
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9-3. Determine the distance x to the center of mass of the 
homogeneous rod bent into the shape shown. If the rod has 
a mass per unit length of 0.5 kg/m, determine the reactions 
at the fixed support O. 


< 














Length and Moment Arm : The length of the differential element is dL 
dy dy 34 
= Jirin 1+(2) dx and its centroid is # = x. Here, © = 52! 


Performing the integration, we have 








ia 3,1 
9 8 9 y 
L=fa=| ( l+7* dx = (1+5) ; = 1.4397 m 
” ia | 9 
j iar= f x I+ zadr | 
87 93i 67 9i 
ela) lei, 
= 0.7857 
Centroid : Applying Eg. 9-7 , we have 05.81) 043 N 


—_= 


J, edb _ 0.7857 





z ———— =0.5457 m =0.546 Ans 
=S Ta 1.4397 Sanan 
Equations of Equilibrium : 
“EF =0; 0, =0 -Ans On, 
+TEIF =0; O, -0.5(9.81)(1.4397) =0 
O, = 7.06 N Ans 
(+ Mo =0; Mo -0.5(9.81) (1.4397) (0.5457) =0 
Mo = 3.85 N-m Ans 
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*Q_4, Determine the mass and locate the center of mass y 
(x, y) of the uniform rod. The mass per unit length of the 
rod is 3 kg/m. 





Differential Element. The length of the element shown shaded in Fig. ais y=4-x 
2 
dL = dx? + dy? - (4) dx 
4m 


Here, 2. = — 2x. Thus, 
de 


2 
dl = fi+(-20)? ax = 1+4x? de = 3) +x? dx 


2m 2 
m={ (3 ewal 4 + x2 dr = X 4.6468)= 13.9 kg Ans. 
0 


Centroid: The centroid of the element is located at x = xand y = y. 



































= 5.7577 
r= = = = 1.24m Ams. 
a Oe 
L 0 4 
2m l 2 2m l > 21 2 
f a f (4- x? 3) +x7 dx |de Í 3) +x“ 25 ) +x* | de 
y 0 0 
-_ JL 
y= = = 
2m 2 2m 2 
— f +] + dk | +) +x? de 
0 0 
= = 218m Ans, 
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e9-5, Determine the mass and the location of the center of 
mass x of the rod if its mass per unit length is 
m = m(1 + x/L). 








Differential Element. The element shown shaded in Fig. a has a mass of 
7 x 3 
| dm =f m 1+ž) = 2mot Ans, 
m 0 L 2 


The centroid of the differential element is located atx, = x. 


Lim Siete] [loz 


— SO eee 


a beie Slee 


5 
= =l, Ans. 
9 
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9-6. Determine the location (x, y) of the centroid of the wire. 


Length and Moment Arm : The length of the differential element is dL 


i 
= a= 1+(2) dx and its centroid is ¥ = y = x°. Here, 


dy 
tals 


Centroid : Due to symmetry 


zü 





Applying Eq. 9-§ and performing the integration, we have 


_ hijal Pipita 

y= 46 

J,a J5 l+ 4r?dr 
=ift 


16.9423 


=g e" 


9-7. Locate the centroid x of the circular rod. Express the 
answer in terms of the radius r and semiarc angle a. 
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*9-8, Determine the area and the centroid (x, y) of the area. y 


Differential Element: The area element parallel to the x axis shown shaded in Fig. a will be considered. The 
area of the element is 








y? 





4m 





a. | z 0719 y? 
Centroid: The centroid of the element is located at x a alr = T and y,. = y. 


Area: Integrating, 


4m? 
a=[ af 7 — dy = 2 = 5333m? = 5.33 m? Ans. 
A 


4m 2f 2 4m.4 y> ™ 
fea f, Ha Í = dy 5 








NE aai hz - | 
7 ~ 5.333 =- 6333.~«~«~*«<~<*_CSB “M 
dA 
A 
i r 4 4m 
m 4m 
fou ffH0) pte (Fe 
a 20 40 Ag in 
y 5.333 5.333 3333 0M" 
fa 
A 
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e9-9, Determine the area and the centroid (x, y) of the area. 





Differential Element: The area element parallel to the y axis shown shaded in Fig. a will be considered. The 
area of the element is 


dA = ydr = x3? dx 











{2 
Centroid: The centroid of the element is located at x = xand y = y paž. 
Area: Integrating, 
1m 1m 
azja] x32 de 2x52) =Žm2=04m Ans. 
A 0 5 5 





æ SA e an amaaa 2 EE Á 8 eee es mAT Ans. 
2/5 2/5 2/5 
dA 
A 
lm /2 af™ 
yA Ja? | 4 8 5 
j= 4- = LO = Dm =0.3125m Ans 
3/5 2/5 23/5 16 
fa 
A 
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9-10. Determine the area and the centroid (x, y) of the area. y 








Differential Element: The area element parallel to the y axis shown shaded in Fig. a will be considered. The 

















area of the element is 
X 
dA = yd six’ dx 
3 ft l 

Centroid: The centroid of the element is located at ¥ = xand y = y /2= ax? 

Area: Integrating, 

3ft 3 ft 
=| a -f ae dtsia d| = 2.25ft? Ans. 
A 36 0 


9 9 45 

* 2.25 2.25 2.25 

fa 

A 
er a I A SP | = =0.857ft Ans. 

2.25 2.25 
| ds 
A 








i 


coo 
mi 


i te h 
"y Aen. bem er 






p= LET M orf 
TEF HT 
He by 


a 
= 





F 
fet 
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9-11. Determine the area and the centroid (x, y) of the area. y 





Differential Element: The area element parallel to the y axis shown shaded in Fig. a will be considered. The 
area of the element is 


dA = yde = 2a? x"? de 


























b 
Centroid: The centroid of the element is located at x = xand j = y/2=a!/2,/2, 
Area: Integrating, 
b 4 b 4 
A =f dA =f 2a!!2xV2 dr = Zgl?2x3| = 4 1/2,3/2 hoa 
A 0 3 o 3 
x b fn V212 b V232 4 1/2_5/2 
| ea f 2a xl ar) | 2a xX dk 3? x a 
r= = = =2 = = =b Ans. 
4 12,3/2 4 1/2,3/2 4 1/2,3/2 5 
| dA =q —a "b =a “b 
3 3 3 
A 
bi 2412 12 12 i 
fja f (2 x \2a x dx) | 2a as ax? 
7 =2A__ = 20 = 20 : a Joe Ami 
q 123/2 4 /2,,3/2 4 1/2,3/2 4 
| dA -= -d =q '“b 
J, 3 3 






Z 
Y= Far 
Rab iets 
ieee 
BESES 





TETA 


E 
ESNY, 


U Erpes Tea 
Sape 
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*m0_12, Locate the centroid x of the area. y 






y= ee Dee 














Area and Moment Arm : The area of the differential element is dA = ydr 
=x°dx and its centroid is x = x. 


Centroid : Applying Eq. 9 and performing the integration, we have 








__[aždA _ zise(dr) 7 


ROTA Pea 
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e#9_13. Locate the centroid y of the area. 





y = xl? + 2° 











Area and Momeni Arm : The area of the differential element is dA = ydx 
l 
=x°dx and its centroid is ¥ = = 5x" 


E 


Centroid : Applying Eq. 9 -and performing the integration, we have 


dis. 


pya faethe 
_ ta lia. lis. _ . 
Sa mag pT Ans 
lia. = 
3 itis. 





4 
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9-14. Determine the area and the centroid (x, y) of the area. y 














Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The 
area of the element is 


c? 
dA = ydr =— dr 
x 


2 
Centroid: The centroid of the element is located at x = xand y = z= = 
X 


Area: Integrating, 
b 2 
A=[ a = L dsc? =n’ Ans. 
A a* d 











dA c? lh— c? In— c7in— In— 
} 4 a@ a ad a 
f E c2 b A c4 
ja | ll f & "t 
Foe) -AZN Be _c%(b—a) ee 
f a c in? 2in2  c?mË 2abin2 
A a ad ad 






= —S a 
Es ee eat 
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9-15. Determine the area and the centroid (x, y) of the area. y 





Differential Element: The area element parallel to the y axis shown shaded in Fig. a will be considered. The 
area of the element is 








dA = yde =x? de 
a 





Centroid: The centroid of the element is located at x = xand y = y /2 = {42)-4e 
2a 


Area: Integrating, 











828 








9 Solutions 44918 1/28/09 2:34 PM Page 829 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*9-16. Locate the centroid (x, y) of the area. 











Area and Moment Arm : The area of the differential clement is dA = ydr 
l l l 

= £ -77 é and its centroid is 7 = > = (1 2 °) 

Centroid : Due to symmetry 


zr=0 Ans 


Applying Eq. 9 -Band performing the integration, we have “ye 


„la JdA _ 


“Ta 


Ans 
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e9-17, Determine the area and the centroid (x, y) of the area. y 





Differential Element: The area element parallel to the x axis shown shaded in Fig. a will be considered. The 
area of the element is 




















ee ae 
a 172 y x 
dA =xdy=—Tyy D ae 
i 
Centroid: The centroid of the element is located at = = = -5 y”? andĵ =y. fi j - 
2h 
Area: Integrating, 
a 1/2 2a (| 3/2 2 
A =f dA =Í a? by =| | =Žah Ans. 
A o h!” 3A? o 3 





Zj 2 
r a a| _a_ ap | h a? eha 
fia Mei a” ® | sh hl 2 

















x= = 5 = 9 7 = 7} == Ans. 
=ah =ah —ah 

| dA 3 3 3 

A 

h h Ia 

~ a 1/2 a 3/2 fa S/2 

fja fa 5) f -T 8 Gin? | 3 
=ah —ah —ah 

fa 3 3° 3 
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9-18. The plate is made of steel having a density of y 
7850 kg/m’. If the thickness of the plate is 10 mm, determine 
the horizontal and vertical components of reaction at the pin 
A and the tension in cable BC. 


Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The 
area of this element is given by 
dA = ydx = 1.2599x!3 dx 








Centroid: The centroid of the element is located at x = xand y = y / 2. 
Area: Integrating, 











4m m 
A =| dA =f 1.259913 dr = 0.944943] = 6m? 
A 0 


Thus, the mass of the plate can be obtained from 
m = pAt = 7850(6)(0.01)= 471 kg 


Since the plate has a uniform thickness, its center of gravity coincides with its centroid. 


Equations of Equilibrium: By referring to the free body diagram shown in Fig. b, 


(+m, =0; Fac (4)-4719.81X2.2857)= 0 
Fac = 2640.27N = 2.64kN Ans. 
+ =F, =Q, A, =0 Ans. 
+ T IF, =0; Ay + 2640.27— 471(9.81)= 0 
Ans. 


Ay = 1980.24N =1.98 kN 
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9-19. Determine the location x to the centroid C of the r =a (1 — cos 0) 
upper portion of the cardioid,r = a(1 — cos 0). y 











dae ir do 
A= [satya- cos6)'d@ = aa 
2 4 


fida = [G r080)(5)(a2) 1 -cos mep” 


‘ : a? [“cos (1-cos8)’ dd = — 1.9635 a’ 





F - J 
ga a , HLS. oe Ans 
fa dA yra? 
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*9-20. The plate has a thickness of 0.5 in. and is made of y 
steel having a specific weight of 490 Ib/ft?. Determine the 
horizontal and vertical components of reaction at the pin A 
and the force in the cord at B. 


Differential Element: The element parallel to the x axis shown shaded in Fig. a will be considered. The 
area of this differential element is given by 

















d =xdy = J37? dy 
Centroid: The centroid of the element is located at ¥ = x/ 2 = B v2 nay, =y. 
Area: Integrating, 

an < 3 ft - 
afa =f B” 2y, si = 6f2 

Thus, the weight of the plate can be obtained from 

W = At = sae] 25) 122.5 Ib 

3 ft 3ft 
E Y2 By! ay [3 3 
(E | po =F" 
ï= E aa 
6 
A 
Since the plate has a uniform thickness, its center of gravity coincides with its centroid. 
Equations of Equilibrium: By referring to the free body diagram shown in Fig. b, 
+IM, = 0; Tg (3) — 122.{1.125) = 0 Tp = 45.94 Ib = 45.9 Ib Ans. 
=F, =Q A, — 45.94 Ib=0 A, = 45.94 Ib =45.9 Ib Ans. 
+ TF, =0, Ay —122.5=0 Ay = 122.5 Ib Ans, 
W=/22-5/b 
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e921. Locate the centroid x of the shaded area. 


Area and Moment Arm : The area of the differential element is dA = ydr 


2 
= u(x 5 Ja and its centroid is x = r. 


Centroid : Applying Eq. 94 and performing the integration, we have 








x? 
ta Ja) 


= 7 
-2 |d 
(= =) 
x xt" 
af -i), 5a 
Z = T IMMM 


x Vy 8 
u| — — 
G sal, 


2k 
3 


9-22. Locate the centroid x of the area. 


Area and Moment Arm : The area of the differential element is dA = ydx 


= p and its centroid is x = x. 
xX 
Centroid : Applying Eq. 9 —Aand performing the integration, we have 


lia l ie ) 
= | = ELL] 
hia fha GE) Au ion Ans 


J, dA {" Ip w 


0.5ia * Y 
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9-23. Locate the centroid y of the area. 





Area and Moment Arm : The area of the differential element is dA = ydr 


l . y 1 
= =-dr and its centroid is y = = = —. 
x 72 & 


Centroid : Applying Eq. 9 -Gand performing the integration, we have 


Nay E (34 ). _2rlo.sis Zle se = 0.541 in 


-T fe La 7 PEED Ans 


0 Sin * 








*9-24, Locate the centroid (x, y) of the area. 





y 

dA = ydr = (9 - 2x") de 

z= g 

caraltyg- =9- x 
ja? a5 (9-2)d y=9-x 
-hd _ [3x9 - 2) de F 9 ft 

rera oaa" = L125 Ans 

TA Hi aiaa 3.60 ft Ans 





fa dA [E9 = 2) dx 
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e9-25. Determine the area and the centroid (x, y) of the y 
area. 


Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The 





area of the element is 


n 
dA =(y -maz Ja 


3 ft 


1 
Centroid: The centroid of the element is located at x = xand jy = 70 + y9)= af =} 








Area: Integrating, 
ft 
3 ft 3 2 4 
A= a =| x-> |æ =| >=- į =225ft? Ans. - 3 ft 
A 0 9 2 36 


=1.6ft Ans. 





= 1.143ft =1.14ft Ans. 
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9-26. Locate the centroid x of the area. 


Area and Moment Arm : Here, y, =x! and y} =x”, The area of the 
l 
differential element is dA = (y, -y,)de =(x? -x° )dz and its centroid is 


x=X, 





Centroid : Applying Eq. 9 — 4 and performing the integration, we have 





-_ |a čdA h “a| (x4-2?) de] 
a dA f C =x?) dx 


Gi 
GPE 





= Š m=0.45m 


Locate the centroid y of the area. 











Area and Moment Arm : Here, y, =x! and y, =x". The area of the 
differential element is dA = (yy ~y)dx = (x? ~x? dx and its centroid is 


: y= l ly! 
=y2+ 3 = 5 (91 ty) = 5(x4+2"). 


Centroid : Applying Eq. 9-4 and performing the integration, we have 


g |, jda _ fo rGi+2)| (x#-x7) as] 


a dA f (i-a) & 
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*9-28. Locate the centroid x of the area. 





kja 4 
a‘inel) n+] 


— T] 
klaar i) į 
alati) ned 


e9-29, Locate the centroid y of the area. 


i i I 
jda He Heed | ey Lael 
ada is Nxt d HEL A+!) 
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9-30. The steel plate is 0.3 m thick and has a density of 
7850 kg/m°. Determine the location of its center of mass. 
Also determine the horizontal and vertical reactions at the 
pin and the reaction at the roller support. Hint: The normal 
force at B is perpendicular to the tangent at B, which is 
found from tan 6 = dy/dx. 











=, 


a gi 
Lie 






=a a, F 


fe eee 





J,“ = [mas a = 5.333 m* 


jia a | ayz rdr = +2] = 6.40 m? 





a [až 6.40 m 
ra [, aA 3333 120m Ans 


y>0 Ans (by symmezy) 
QIM = 0; — 123.2 (1.2) + Np (cos 26.57") (2) + Ny (sin 26.57°) (2) = 0 


y = ix 
Mp @355.10= 55.1EN Ane 
dy dy = 2 dx i 
~ IF, =È =Å + 55.108 26.57 = 0 
uaaa Êl a= -0.3 A = 24.6KN Ans 
@ = un '(-0,.5) = -26.57° +TIR = 0 A, -123.2 + 55.10 cs 26.57 = 0 
W = 7850(0.3)(5.333)(9.81) = 123.2 kN A =739kN Ans 
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9-31. Locate the centroid of the area. Hint: Choose 
elements of thickness dy and length [(2 — y) — y’]. 














q =y 
m si-y 
dA = (n -x)dy=(2-y-y) ay 


pe Bt ~2-y+/ 
2 2 


y=y 





7 la¥dA 1.067 
———— 


J aa a f G-r- = 2 - É - z] = 1.167 m? 


z ET iig 7 0-914m Ans 
a “I 2 t 
dA = -(2-y+ 2-y- = ‘7 
jz fz y+y)(2-¥-y¥) dy I 3 | 0-9-*)o= [7-2-2] «our 
9 


allay eo y y] 3 
[o ir ai = 1.067 m 
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*9-32. Locate the centroid x of the area. 





2 
Area and Moment Arm ; Here, x, = : and x, = Y.. The area of the 
4 
2 
differential element is dA = (x, ~m)dy=(2-2 la and its centroid is 


Š X =x% I liry y 
=X + ==—(x, +r) = =| > + — |, 
ae TT th (5 4 





Centroid : Applying Eq. 9-6 and performing the integration, we have 


in] 2 af 
Y FY Y F 
hia), 2\2" 4 ( au 
f, dA af 
dy 








e9-33. Locate the centroid y of the area. 





Area and Moment Arm : Here, x, = A and x, = 7 The ares of the 
2 

differential element is dA = (x, ~m)dy= (2-7 Jay and its centroid is 

ïj=y. 


Centroid : Applying Eq. 9-6 and performing the integration, we have 
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9-34. If the density at any point in the rectangular plate is y 
defined by p = po(1 + x/a), where pọ is a constant, 
determine the mass and locate the center of mass x of the 
plate. The plate has a thickness t. 











Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The 
mass of this element is 


dn = paV = po{ 1+= kode) = pot{ 1+ } a i a - 
a a 








Mass: Integrating, 


ra X x? 3 
m= | an = | Potb| 1+— | de = poth x+— | dk] =—poabt Ans. 
m 0 a 2a 2 


Center of Mass: The center of mass of the element is located at x = x. 


oa T a x2 x 
Í xdm f s|pot{ +=) a f prt «+ = a pot += 
m 0 a 0 a | 5 
= 3 a a ar el Ans, 
Í dn 5 Poabt > Poabt z Poabt 
m 


W 








i= 


ee eee 
HMA ET T 


-i 
ey 
Ei 

ii 

E E 
iy! 
a 
EF 
tne ia 
be | 

; 


aaa D 


So leat 
Fae 


eee 
Oe a ores ed 
pes UE E AE 


dait 





lA) 
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9-35. Locate the centroid y of the homogeneous solid 
formed by revolving the shaded area about the y axis. 








Differential Element: The thin disk element shown shaded in Fig. a will be considered. The volume of the element is dV = mz? dy. 


Here, z= a- a-y . Thus 


dv oF) dy =n{ 2a? y2- zaf? -3 |e 


Centroid: The centroid of the element is located at y = y. 


om f y| 202-9 - 2aya* -y rales} | x (292-9? - 2a or? | 
a rea Ne 
22 y* 2h 2 93 y 
=e Bir whic (a Ea 14 
~ — TEET ETET m 
Eg -2 -d ya? -y +a*sin~! >) 12732), 
0 
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*9_36. Locate the centroid Z of the solid. 











The volume of the differential thin- disk element dV = ny’ dz = n(a~¥ az f de 
dV= (a? + az—2aic! )de and č =z 


__ |yadV fd na? +az-2a*z* }de | l 
hw” forana O 
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e9-37. Locate the centroid y of the homogeneous solid 
formed by revolving the shaded area about the y axis. 





Differential Element: The thin disk element shown shaded in Fig. a will be considered. The volume of the element is 
2 1 3 m 3 
dv = = — = 
mc” dy | 16 ) g= T 


Centroid: The centroid of the element is located at y = y. 


4m 4m 
~ Tv it = 
[ sav Nie? A) | 16 “dW Tél 5 
A = 0 | o = 3 — = 3.2m Ans. 
a 
3 ay ab 
0 0 
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9-38. Locate the centroid z of the homogeneous solid 
frustum of the paraboloid formed by revolving the shaded 


area about the z axis. 








h 
g= ar =y 
P 























Differential Element: The thin disk element shown shaded in Fig. a will be considered. The volume of the element is 


2 
dV -mand a-a) a 


Centroid: The centroid of the element is located at =, = Z. 
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9-39. Locate the centroid y of the homogeneous solid 
formed by revolving the shaded area about the y axis. 





Differential Element: The thin disk element shown shaded in Fig. a will be considered. The volume of the element is 
dV = me” dy = my? -9) dy 


Centroid: The centroid of the element is located at y = y. 
5 ft Sft ye 9y? 
f ya Í x} 2(y? - 9) ay | Í z(y? - 9y) a 42 
= "À i #3ft 3 ft = 


j = 4 = Sh = = 436ft Ans. 
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N 


*9—40. Locate the center of mass y of the circular cone 
formed by revolving the shaded area about the y axis. The 
density at any point in the cone is defined by p = (po/h)y, h 
where pọ is a constant. 









































Differential Element: The thin disk element shown shaded in Fig. a will be considered. The mass of the element is 


2 2 2 
PEENE dy -( 22 Wo 2 -T Poj yi ® 
= pdV = pe 6-(S a Ere] 6)- r Sy i E 


Centroid: The centroid of the element is located at y = y. 
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e9-41. Determine the mass and locate the center of mass y z 
of the hemisphere formed by revolving the shaded area 
about the y axis. The density at any point in the hemisphere 
can be defined by p = pọ(1 + y/a), where pg is a constant. 














Differential Element: The thin disk element shown shaded in Fig. a will be considered. The mass of the element is 


3 
| y 
dm = pdV = pz” dy = noo 1+ 2)? -y")a = melo -y? +ay ly 


Centroid: The centroid of the element is located at y = y. 


| 5an fiom e?-t+o-2]o| rpo f 


foa ie a2 = 4 a2 p 


ad 





-2,3 Ans. 
55 
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9-42. Determine the volume and locate the centroid (y, Z) 
of the homogeneous conical wedge. 








Differential Element: The half - thin disk element shown shaded in Fig. a will be considered. The volume of the element is 


2 2 
git hyn ed See” ldap Soe 
27 {sy me? 


Volume: Integrating, 


| ee 2 3 2 
v=[ w=| Cy Wi ee 2- smh Ans. 
V 0 2h? 2h? | 3 6 


Centroid: The centroid of the element is located at J = yand Z = == 


7 =- = 





Ans. 
dV mh na*h 
y 6 6 
h 2 
4a ma“ 2 3 ph 
EdV (£, ro] 2) Se 
p Jy 0 2h A? Jo 
I a E e E ee E ee Ans. 
en na*h mh 
6 6 





(Q) 
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Z 


9-43. The hemisphere of radius r is made from a stack of 
very thin plates such that the density varies with height, 
p = kz, where k is a constant. Determine its mass and the 
distance z to the center of mass G. 





Mass and Moment Arm : The density of the material is p = kz. The mass of 
the thin disk differential element is dm = pdV = pxy*dz = kz{ #( 1-2”) dz] 
and its centroid Z = z. Evaluating the integrals, we have 


m={_dm= f te[x(-2*) de] | 


-ni(=-2 „Zt 
ò 4 


Ans 





f idm = fete[n =z) de |} 
Pe AN! fakr 
me j =} -5 
Centroid : Applying Eq. 9 -4 we have 





imide nk 8, Ans 
tS y.dn mera 15 
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*9-44, Locate the centroid (x, y) of the uniform wire bent 


in the shape shown. 


Centroid : The length of each segment and its respective centroid are tabulated 


below. 


Segment L(mm) x(mm) y(mm) £L(mm?) yL(mm?) 


150 
50 
130 
100 
50 


tA b W N = 


480 


mM 


ty 
it 


y 


= Z 


EğL 41200 
480 


0 75 0 

25 0 1250 

50 65 6500 

50 150 5000 

75 130 3750 
16500 

16500 34 

480 = 34.375 mm = 34.4 mm 
—— = 85.83 mm = 85.8 mm 


11250 
0 
8450 
15000 
6500 


41200 


Ans 


Ans 
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e9-45. Locate the centroid (x, y, Z) of the wire. 








Centroid: The centroid of each composite segment is shown in Fig. a. 


= o(200)+ 2200) z200 ), 200( 400) + od J 2002 +4002 
it 








a3 
i> 500 = A = 121 mm Ans. 
200+ ZEA 4. 400 + 2007 + 4007 
— 100(200) + 2200)/ 2(20) | o¢400)+ d 42002 +4002 
- Syl _ T 2 6X10) 
j= = (200) = 1361 37 744l mm Ans. 
200+ +400 +4 2007 + 4002 
_,  0(200)+ {=m + 200(400)+200( 200? + 400? ) eas 
=== = ——— = 124 mm Ans. 
aL 200 „T + 400+ 42002 +4002 1361.37 
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9-46. Locate the centroid (x, y, Z) of the wire. 














i> = 73 L 9.590 in Aus, 
om m(4)+ 6+ 4444? +67 29.78 
y (ETPA 6) + (4) + dda +6 | s 

= =-= 1.07 in. i 
= m(4)+64+44 dJ? +67 29. 
z O)n(4 Jd 2462 

_ EL (0) (4)+X6)+ 6(4)+ 4 +6 as, 

"u = ome = 2.14 in. Ans. 
me m(4)+64+4+4 942462 29. 
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9-47. Locate the centroid (x, y, Z) of the wire which is bent 


in the shape shown. N 


2 in. 


2 in. 


La 2+4(2) + y+ R = 12.7553 in 





EEL = 0(2) - SEa) + (VAF T) = 0.94427 i? 





IŞ L = (~2)(2) - O(n2) + 1( (Fs B) = 0.47214 in? 


l= JEFE fn. 
LiL = 1(2) - O(n2) + 0(/4+ F) = 2? 


- EFL 0.94427 


x= ST 7 na 7 2070 im Ams 


- ZyL_ 0.47214 ; 
y= FL = g7 7 20370. Ans 
= iL 2 ; 
°° EC T ia7ssg 7°17 Ame 
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*9_48, The truss is made from seven members, each having 
a mass per unit length of 6 kg/m. Locate the position (x, y) 
of the center of mass. Neglect the mass of the gusset plates 
at the joints. 



































(1.53) + 4.5(3) + 4.5(3/2) + 1.5(3) + X3) + 1.5(3/2) 
5(3) +2(3/2) 


a HL 
IL 





= 2.43m Ans 


zyl _ (1-53) + 3(3) + 1.5(3) + 1.5(3¥2) + 1.5(3¥2) 
IL 5(3)+2( 3/2) 


ya 





= lL3lim Ans 
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•9—49. Locate the centroid (x, y) of the wire. If the wire is y 
suspended from A, determine the angle segment AB makes 
with the vertical when the wire is in equilibrium. 


60° 


B C 
-—200 P mm— 


Centroid: The length of segment AB is I 4p = a = 400 mm. The centroid C 4p of this segment is located at 
cos 


o Th 
z= aa = —100 mm and y = <a = 173.21 mm as indicated in Fig. a. The centroid of segment 
BC is located at the origin of the coordinate axes. 


-ZL _ 400(-100)+ 4000) _ mm 
SL 400+ 400 iai 

~ _ ZL _ 4000173.21)+4000 _ 9 60mm -866 

=J 400+ 400 ee ai 


Geometry: When the bent wire hangs freely from Aline AG will be vertical as shown in Fig. b. From the geometry of this figure, we have 


= @ = 10.89° 


tn Qe =—————— 
400 sin 60° — 86.60 


Thus, the angle ¢ that segment AB makes with the vertical is 
@ = 30° — 10.89° = 19.1° Ans. 
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9-50. Each of the three members of the frame has a mass 
per unit length of 6 kg/m. Locate the position (x, y) of the 
center of mass. Neglect the size of the pins at the joints and 
the thickness of the members. Also, calculate the reactions 
at the pin A and roller E. 











Centroid : The length of cach segment and its respective centroid are tabulated 


below. 
Segment L(m) x(m) y(m) ¥L(m?) yL(m?) 
1 8 4 13 32.0 104.0 
2 7.211 2 10 14.42 7211 
3 13 0 6.5 0 84.5 
T 28.211 46.42 26061 
Thus, 
Pet a A Sié 1.65 
7 £1 °°. = 
_ Zyl 260.61 
YO Sr aga 8 B= 9.24 mm Ans 


Equations of Equilibrium : The total weight of the frame is 


W = 28.211 (6) (9.81) = 1660.51 N. X 
+IM,=0; E (8) — 1660.51 (1.646) =0 4 IE 
E, =341.55N =342N Ans TONCA) í 
1660.5) N 
+TEE =0; A, +341.55- 1660.51 =0 
A, = 1318.95 N = 1.32 kN Ans = Ap 
SIE =0; A, =0 Ans Ax 
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9-51. Locate the centroid (x, y) of the cross-sectional area 
of the channel. 








Centroid: The centroid of each composite segment is shown in Fig. a. 








z = ZA OSCAM) + S390) +5590) _ 11 L 2 64in. Ans. 
ŁA 2A(1)+ 9(1)+ X1) 42 
£ 
ZA 2A(1)+ X D+ 91) 42 
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*9-52. Locate the centroid y of the cross-sectional area of 
the concrete beam. 











Centroid: The centroid of each composite segment is shown in Fig. a. 


5 = BA _ 302 6)+ 19.5276) + 34.5243) _ 194 in 


ZA 12(6)+ 246 )+ 24(3) 








k 
Ba 
i E- 
ra TERI preten nee ay : 
RE abet foe eel aae ages aay Ly 
=. 1 4m D 






APAD aA. 
a i 
Ceap 
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e9-53. Locate the centroid y of the cross-sectional area of y 
the built-up beam. 


6 in. 


















GP 


+3 in. 3 in. H- 


| | Jd 





Centroid: The centroid of each composite segment is shown in Fig. a. 


3[2(6\1)] + 5.46 (1) + 9(6)(1) = 5 125in, Ám. 
2(6)(1)+ D+ 6(1) 





=. WAL 
** SA 
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9-54. Locate the centroid y of the channel’s cross- 
sectional area. 





Centroid : The area of cach segment and its respective centroid are tabulated 
below. 


Segment A(in*) y(in.) yA(in’) 
l 6(4) 3 72.0 
2 12(2) l 24.0 





9-55. Locate the distance y to the centroid of the y 
member’s cross-sectional area. 


6 in. 








. 3 in. J. 3 in— 





EJA = 0.5(6X1) + 201.5)(5 2.54.5) + 4.75(7.5\(1) 


= 44,25 in’ 





EA = 6(1) + (2)(5 )e2.syc.s) + 7.5(1) 


= 17.25 mw 


=- yA 44.25 
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*9-56. Locate the centroid y of the cross-sectional area of y 
the built-up beam. 











Centroid: The centroid of each composite segment is shown in Fig. a. 





T BA _ 5.75(11.5)(1.5)+ 12.25(8)(1.5)+ 11.253. 
IA 11.5(1.5)+ 8(1.5)+ 3.41.5)+ 3.31.5) 
= 9.17 in. Ans. 









Hee THT Yr oR AF 


Ti 


_—— 
a, 
= 5 
=> 
Es 


863 








9 Solutions 44918 1/28/09 2:34 PM Page 864 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e9-57. The gravity wall is made of concrete. Determine the 
location (x, y) of the center of mass G for the wall. 











EFA = 1.8(3.6X0.4) + 2.1(3X3) - 34(=}ox0.6 5 TAE 
= 15.192 m’ 

EJA = 0.2(3.6X0.4) + 1.9(3)(3) - THOU “ 2.4(= \c1.890) 
= 9.648 m? 


IA = 3.6(0.4) + 30) - -(3}0.6) = =(1.8)3) 


= 6.84 m? 
- EFA 15.192 
3 = 3 = 2.22 A 
"= ey Oan om 
ja SS a ZEE a aim Ans 
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9-58. Locate the centroid x of the composite area. y 


Centroid: The centroid of each composite segment is shown in Figs. a and b. Since segment (2) is a hole, its area should be considered 
negative. 





Ans. 








=- WA 
Y = a = 
ZA 
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9-59. Locate the centroid (x, y) of the composite area. 





Centroid: The centroid of each composite segment is shown in Figs. a and b. since segment (4) is a 
hole, its area should be considered negative. 











k= = 7 =a 4.83 in Ans. 
3(3) + +(3X(3)+ ros- ùc 
2 4 
i 1588) +4 303)» aros- 
j-2- = -2.56 in. Ans. 
IA 48.4 
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*9-60. Locate the centroid (x, y) of the composite area. 











Centroid: The centroid of each composite segment is shown in Figs. a and b. Since segment (4) is a hole, its area should be considered 


negative. 
l a(l?) 
{300) + d- T 





867 








9 Solutions 44918 1/28/09 2:34 PM Page 868 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e9-61. Divide the plate into parts, and using the grid for y 
measurement, determine approximately the location (x, y) 200mm—~ 4, 
of the centroid of the plate. 











Due t symmetry. 





x20 Ans 








Divide half the area into 8 segments as shown. 





A (Approx. 10‘) y (Approx. 107) yA (10) 


















































1) ORY 2 24 
2) 4(6) 3 72 

1 -EA  441.2(10°) 
3 =(4)\(4 7.32 58.56 Sake D m 
) zl K4) yes 31010) 544mm Ans 
4 6— laxo 4 36 A simpler solution consists of dividing the area into two parabolas. 

2 For parabola : 
5) 8 7 56 . 

ZA = 2(1200)(5 )¢2800(1200) - 3(800)( (1200800) 
6) 6(2) 9 108 5 5 3 
4 4 

1) 5(4x2) 10.66 42.64 EA = 5(2800}(1200) ~ 5(1200X800) 


IA 





00mm 


eooamm boomm 
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9—62. To determine the location of the center of gravity of 
the automobile it is first placed in a level position, with the 
two wheels on one side resting on the scale platform P. In 
this position the scale records a reading of W,. Then, one 
side is elevated to a convenient height c as shown. The new 
reading on the scale is W2. If the automobile has a total 
weight of W, determine the location of its center of gravity 


G(x, y). 








Equation of Equilibrium: First, we will consider the case in which the automobile is in a level position. Referring to the 
free- body diagram in Fig. a and writing the moment equation of equilibrium about point A, 


(+2M, =Q W(b)- W(x) =0 


dp2- 2 


; See, Using the result of x and referring to the free - body diagram in 


=|5 
J 


From the geometry in Fig. c, sin 0 = = and cos@ = 


Fig. b, we can write the moment equation of equilibrium about point A’. 


(+=M x =0; W> Wo? 0? 4 mo }-w{<)r=0 
b b W b 
bW - W, ub? — c2 
cW 





y= 





doc 
(c) 
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9-63. Locate the centroid y of the cross-sectional area of 
the built-up beam. 














Centroid: The centroid of each composite segment is shown in Fig. a. 


M. 2[ 225450 (20 )] +350(200X 20) + 460(300)(20) 
%450)(20)-+ 200 20) -+ 300(20) 
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*9—64. Locate the centroid y of the cross-sectional area of 
the built-up beam. 














Centroid: The centroid of each composite segment is shown in Fig. a. a 


y= WA. 225(450\ 40) + 2.400(200)10)] + 510(400X20) 











45040) + 2(200\10)+ 40020) 
= 324mm Ans. 
y 
5/omm 
400mm 
X 
25M In 
(A) 
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e9-65. The composite plate is made from both steel (A) 
and brass (B) segments. Determine the mass and location 
(x, y, Z) of its mass center G. Take py = 7.85 Mg/m? and 
Pp, = 8.74 Mg/m?. 





Em = EpV = [8.7430 15X0.225X0:09))| + [7.85 (50-190.229x0.03))| 


+ (7.85(0. 15)(0.225)(0.03)] 





= [4.4246 (10°)] + [3.9741 (10°)] + [7.9481 (10*)] 
= 16.347(10°) = 16.4kg. Ans | 
Lim = (0.150 + 240.150 4.4240)(10) + (o. 130+ 50. 150) )(3:9741)(10~) 


+ 5 (0:150)(7.9481)(10°*) = 2.4971 (10°)kg: m 


Lim = (500.225) )c4.4246)(10°°) + (300.225))c3.o47y(10*) + Persea (ir *) 


= 1.8221(10°)kg- m 


Lim _ 2.497110) 


So s papap 7 018m = 153mm Anm 





Lim 1.8221(10-%) 


So " kapap Sa = ee Ans 
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9—66. The car rests on four scales and in this position the 
scale readings of both the front and rear tires are shown by 
F4 and Fg. When the rear wheels are elevated to a height of 
3 ft above the front scales, the new readings of the front 
wheels are also recorded. Use this data to compute the 
location x and y to the center of gravity G of the car. The 
tires each have a diameter of 1.98 ft. 














|. i 9.40 ft d 


F4 = 1129 Ib + 1168 lb = 2297 Ib 
Fg = 975 Ib + 984 Ib = 1959 Ib 








F4 = 1269 Ib + 1307 lb = 2576 Ib 


In borizontal position 
W = 1959 + 2297 = 4256 b 


(EM = 0; — 2297(9.40) - 42567 = 0 =- W=4256 Ib 


x=5.0733= 5.07R Ans 
a f2 - 0.990 
ğ (=) E- 4 Š 
= sin 5.40 [2.347° 


(tM = 0;  2576(9.40 cos 12.347") -= 4256 cos 12. 347° (5.0733) 
- 4256 sin 12.347° y’ = 0 
y’ = 28h 


y = 2.815 + 0.990 = 3.8 fh Ans 
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9-67. Uniform blocks having a length L and mass m are y 

stacked one on top of the other, with each block overhanging 

the other by a distance d, as shown. If the blocks are glued 7 
together, so that they will not topple over, determine the | 
location x of the center of mass of a pile of n blocks. 









J 





Lm lE salwe L 24W 





2 
In general : 
z =$ +i- ($) = 1E Ans 
2 2 
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*9—68. Uniform blocks having a length L and mass m are y 
stacked one on top of the other, with each block 

overhanging the other by a distance d, as shown. Show that 2d — 
the maximum number of blocks which can be stacked in | 
this manner isn < L/d. 






= 





n= i: ze 5+d=5+2(5) 


‘ra. W + 2d + EW 


= 2 2 L 
3: = £) 
A = y 3a z 5 +3(5 
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°9-69. Locate the center of gravity (x, Z) of the sheet- 
metal bracket if the material is homogeneous and has a 
constant thickness. If the bracket is resting on the horizontal 
x-y plane shown, determine the maximum angle of tilt 0 
which it can have before it falls over, i.e., begins to rotate 
about the y axis. 








Centroid : The area of each segment and its respective centroid are tabulated 
below. 


Segment A(mm*) x(mm) Z(mm) xXA(mm’) ZA(mm?) 


l 120(80) 0 40 0 384 000 
2 120(60) 30 0 216000 0 
ir 
2 = (10%)] 0 60 0 -9424.78 
Fog 
4 -[300] 0 20 0 -3141.59 
s 16 485.84 216000 371 433.63 
Thus, 
a eine 13.1 A 
— E = 
IA Loa CO 
EZA 371433. 
¿a MA = = 22.52 mm = 22.5 mm Ans 


ZA 1648584 


Equilibrium : In order for the bracket not to rotate about y axis, the weight 
of the bracket must coincide with the reaction. From the FBD, 


13. 
@=an —— = 30.2° Ans 
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9-70. Locate the center of mass for the compressor 
assembly. The locations of the centers of mass of the various 
components and their masses are indicated and tabulated in 
the figure. What are the vertical reactions at blocks A and B 
needed to support the platform? 














w 











—I 

















A HHWH 
jE JT) 
Oo 
D 
3 




















wie a ar Bi | 
2.30 m7 2.42 m +++ 2.87 m vi 


119m 1.64 m 
@ Instrument panel 230 kg 
© Filter system 183 kg 
@ Piping assembly 120 kg 
© Liquid storage 85 kg 


@ Structural framework 468 kg 


Centroid : The mass of each component of the compressor and its respective 
centroid are tabulated below. | 


Component m(kg) x(m) y(m) xm(kg-m) ym(kg-m) 


l 230 1.80 1.20 414.00 276.00 
2 183 5.91 4.83 1081.53 883.89 
3 120 8.78 3.26 1053.60 391.20 
4 85 2.30 3.68 195.50 312.80 
5 468 472 3.15 2208.96 1474.20 
$ 1086 4953.59 3338.09 
Thus 
Fe n a Adin Ans 
Em 1086 
. Lym 3338.09 
! ee 1086 ——— = 3.074 m = 3.07 m Ans 


Equations of Equilibrium : 





+=M,=0; B, (10.42) ~ 1086(9.81) (4.561) =0 
B, = 4663.60 N = 4.66 kN Ans 
+TIF =0; A, +4663.60-1086(9.81) =0 


A, = 5990.06 N = 5.99 kN Ans 
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9-71. Major floor loadings in a shop are caused by the z 
weights of the objects shown. Each force acts through its 
respective center of gravity G. Locate the center of gravity 
(x, y) of all these components. 











1500 Ib 


Centroid : The floor loadings on the floor and its respective centroid are 





tabulated below. 
Loading Wilb) x(ft) y (ft) XW (lb-ft) yW (lb-ft) 
l 450 6 7 2700 3150 
2 1500 18 16 27000 24000 
3 600 26 3 15600 1800 
4 280 30 8 8400 2240 
T 2830 53700 31190 
Thus, 
- LEW 53700 
2e Sw "gg 1898 R= 19.08 Ans 
_ ¿yW 31190 | 
Y= Sw T ag 7 102 R= 110 Ans 
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*9-72. Locate the center of mass (x,y,z) of the 2 
homogeneous block assembly. 





Centroid: Since the block is made of a homogeneous material, the center of mass of the block coincides with the centroid of its 
volume. The centroid of each composite segment is shown in Fig. a. 


(75X150 X150X 350) + (225)( 150) 150X 200) + (200 £ 150X 150X100) 


z= l 2 = 216562510") einen pan 

(150X150X550)+ (150X(150X(200)+ =(150X150X 100) 18(10° ) 

l 
275X150 X150X550) + (450X150X 150X200)+ (50 — (150X 150X100) 
EN. K150 (150) 550) + (450X150X 5 _ Saoe7s0 ans an a 
zV (150)(150X 550) + (150\150)(200) + = (150)(150X 100) 18(10° ) 

sv. (75X 1503150} 550) + (75X 150x150x200) + (50) 5 150,150,100) 132187500) A 
EVO l 90°) 

(150X 150X550) + (150X 150)(200) + =-(150\ 150X100) 
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e9-73. Locate the center of mass z of the assembly. The 
hemisphere and the cone are made from materials having 
densities of 8 Mg/m? and 4 Mg/m’, respectively. 




















Centroid: The center of mass of each composite segment is shown in Fig. a. 


3 2. 3 | 
0.1- —(0.1)}} —2(0.1 
0 x Fx ) 








= Zgm _ : 
zn 4 0.120.3)|+ 800d) 2 x(0.1° ) 
3 3 
~ 1.0333" _ 0.1107m=111mm Ans. 
9.33330 
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9-74. Locate the center of mass z of the assembly. The 
cylinder and the cone are made from materials having 
densities of 5 Mg/m* and 9 Mg/m’, respectively. 


Center of mass: The assembly is broken into two composite segments, as shown in Figs. a and b. 








_  5000( 0.4 (0.27 0.8)| + 900X 0.8+ 0.15] 47004206) 








z 2m _ . 
a 5000 n(0.2" (0.8)|+ soo 2 210.40.) 
= 1000.69 = 0.754 m = 754 mm Ans. 
1407.4 


Ism 
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9-75. Locate the center of gravity (x,y,z) of the 
homogeneous block assembly having a hemispherical hole. 





Centroid: Since the block is made of a homogeneous material, the center of mass of the block coincides with the centroid of its volume. 
The centroid of each composite segment is shown in Figs. a and b. Since segment (3) is a hole, its volume should be considered negative. 





l 



























2.25(3 4.5 6)+(1.5) = (3X4.5\(1)+2.251 
VL 2 - = Se in Ans. 
EV (3K4.5K6)+ JOXAN + -3m1 ) i 
| I 2 
aaao osf 5} 3149x0434 -Fra 
zy (3.4.56) + 5(BXA.5\(1)+ -20°)| ’ 
l [3 
‘Ay = oe 
Ev 11 3(4.5)(6)+(4} 5 [3X4 sxn+(3 (1) 1802 n Ans 
Ey 85.656 
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*9-76. Locate the center of gravity (x,y,z) of the 
assembly. The triangular and the rectangular blocks are 
made from materials having specific weights of 0.25 Ib/in? 
and 0.1 Ib/in®, respectively. 


Center of Gravity: The center of gravity for each composite segment is shown in Figs.a and b. 
Since segment (3) is a hole, its weight should be considered negative. 


| i | 2 
2.25 0.14 3\4. 251.5)| — f -0.1 220° 
uw í 25X0.1X NAKO) + 0251.7 GX4XD|+ 225 of 0 |} " i 








e E a a a a eee Ans. 
(OANB4.5K6) +0.25] FAN o}+{-of 30°) 
_ 2ALOT 0 ce 
= “Osa 2.55 in. Ans. 





Lonea rozsa] 2245KD|+(3-200 -0,f 21°) 
_ EW 2 8 3 18,3502 
a rE SS AA 1.92 in. Ans. 


EW Co.Kaxasyoy+02g 2¢ax4.510)]+| -0 Zr0)| 9.5781 
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e9-77. Determine the distance x to the centroid of the 


solid which consists of a cylinder with a hole of length 
h = 50 mm bored into its base. 

















i 
f| | 
ni 





EV = #(40)? (120) — #(20} (50) = 172(10 ) # mm’ 


ESV = 60 (7) (40)? (120) - 25 (2)(20)? (50) = 11.02 (10%) x mm* 


_ EEV 11.02(105)« 
== EV 172110) x — 
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9-78. Determine the distance h to which a hole must be 
bored into the cylinder so that the center of mass of the 
assembly is located at x = 64mm. The material has a 
density of 8 Mg/m°. 














IV = mrid - wrjh 


h 
Liv = em (rà) d - 5™( ri)h 


d? h? 
-W zmr) -7r 


= zrid - arith 


de (rèd) - (rèh) = drè - hrè 


i 
he dae - (2) =0 


ri 
Se x= 64mm, 7, =40mm, +r, =20mm, da 120mm 
h? = 128h + 3840 = 0 


Solving, 





h = 80mm Ans or A= 48mm Ans 
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9-79. The assembly is made from a steel hemisphere, z 
Py = 7.80 Mg/m?, and an aluminum cylinder, 
Pa = 2.70 Mg/m?. Determine the mass center of the 
assembly if the height of the cylinder is h = 200 mm. 


























Lim = [0.160 - }(0.160)](}) (0. 160)°(7.80) + (0.160 + 22) æ (0.2)(0.08)'(2.70) 
= 9.51425(10°?) Mg. m 


Em = (}) (0. 16017.80) + æ (0.2)(0.08)"(2.70) 
= 77.7706107) Mg 


Eim _ 9.514250") = 0.122m = 122 mm Ans 


= 


E= -im 77710610") 
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*9-80. The assembly is made from a steel hemisphere, 
Psy = 7.80 Mg/m?, and an aluminum cylinder, 
Pal = 2.70 Mg/m°. Determine the height h of the cylinder 
so that the mass center of the assembly is located at 
z = 160 mm. 
































Lim = [0.160 — 7(0.160)](}) m0. 160)*(7.80) + (0.160 + })*(A}(0.08)7(2.70) 
= 6.691(107?) + 8.686107) A + 27.143(107) A? 


Lm = (}) (0. 160)°(7.80) + = (A)(0.08)?(2.79) 
= 66.91(107) + 54.2910?) A 





[o1e-2coe)m 4 





Lim _ 6.691(10"*) + 8.68610”) h + 27.143(10-?) A 


a — i = 0.160 
= Em 66.91(10-3) + 54.2910) h 

Solving 

h = 0.385 m = 385 mm Ans 
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e9-81. The elevated water storage tank has a conical top 
and hemispherical bottom and is fabricated using thin steel 
plate. Determine how many square feet of plate is needed 
to fabricate the tank. 


























Surface Area: The perpendicular distance measured from the z axis to the centroid of each line 





segment is indicated in Fig. a. 


A = 203 L = onla de? }: x 10+ 282) 2@) 


m 


= 2n(184)= 1156ft? 
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9-82. The elevated water storage tank has a conical top 
and hemispherical bottom and is fabricated using thin steel 
plate. Determine the volume within the tank. 


























Volume: The perpendicular distance measured from the z axis to the centroid of each area segment 
is indicated in Fig. a. 


E _ 8y 48) \f æ(87) | 
V= MFA = (fijo «ane = | 


= 27(554.67)= 3485ft> 
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9-83. Determine the volume of the solid formed by 
revolving the shaded area about the x axis using the second 
theorem of Pappus—Guldinus. The area and centroid y of the 
shaded area should first be obtained by using integration. 





Area and Centroid: The differential element parallel to the x axis is shown shaded in Fig. a. The area 
of this element is given by 


2 
dA =(4—x) dy {+} 











Integrating, 
Aft 2 on 
A 0 4 12 
0 
With y = y, 
ft 
4ft y2 4ft p af y* 
“ 4——— y= m yY = 
i jsa Í, 4 i \, 4 | = 
y= = = Se = | Sf 


Volume: Applying the second theorem of Pappus- Guldinus and using the results obtained above, 


V = WFA = 2n(1.5)(10.67) = 101 ft? Ans. 










hate oes 
en ad a eae 


eer 





(A) 


890 








9 Solutions 44918 1/28/09 2:35 PM Page 891 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*9-84, Determine the surface area from A to B of the tank. 


Surface Area: The perpendicular distance to the centroid of each of three line segments. 


A = HFL = 2n|( 23) | = +241 542? | 


= 88.0 m? 








e9-85. Determine the volume within the thin-walled tank 
from A to B. 


Volume: The perpendicular distance measured to the centroid of each of three area segments. 


V = 207A = w (42.] #2} 05.50+166{ 22) 


= 77.0 m? Ans. 
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9-86. Determine the surface area of the roof of the 
structure if it is formed by rotating the parabola about the 


y axis. 


















































Centroid : The length of the differential element is dL = y dr? + dy? 


dy \? . haa dy _ x the 
= l == i r= = = i i 
+( ) dx and its centroid is x = x. Here, g' Evaluating 


integrals, we have 


lm xi 
t=far= f [y+ lar = 23.663 m 
ù 64 


lém i 
xt 
idl = I+ |dr = 217. 2 
J f { zg |@x = 217.181 m 


Applying Eq. 9-§, we have 


ga žal _ 217.181 ae 
Jal 23663 OT 





Surface Area: Applying the theorem of Pappus and Guldinus, Eq.9-7, with 
89 = 27, L = 23.663 m, f= 2 = 9.178, we have 


A = OFL = 2#(9.178) (23.663) = 1365 m? Ans 
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9-87. Determine the surface area of the solid formed by 
revolving the shaded area 360° about the z axis. 











1 in. 








Surface Area: The perpendicular distance measured from the = axis to the centroid of each line 
segment is indicated in Fig. a. 





A = 2FL = 2 [2(6)+ 1.625(0.75) + 1.625(0.75)+ 1.25(3)+ 1.25(2)+ (0.5) + 1(0.5) + 0.75(1)] 
= 2n(22.4375)= 44.8757in? = 141 in” Ans. 
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*9-88. Determine the volume of the solid formed by 
revolving the shaded area 360° about the z axis. 


Volume: The perpendicular distance measured from the z axis to the centroid of each line 
segment is indicated in Fig. a. 





V = EFA = 2[1.625(6)(0.75) + 11)(0.5)] = 20 (7.8125) = 49.1in® Ans. 














e9-89. Determine the volume of the solid formed by 
revolving the shaded area 360° about the z axis. 





Volume: The perpendicular distance measured to the centroid of each of two area segments. 


V = 203FA = 2n[(112.5)(75)(375) + (187.5 325)(75)| 
= 0.0486 m? 
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9-90. Determine the surface area and volume of the solid 
formed by revolving the shaded area 360° about the z axis. 











Surface Area: The perpendicular distance measured from the z axis to the centroid of each line 
segment is indicated in Fig. a. 


A =23L = zesde + Pres de + P) {32ko 
= 27(18.4958) =116 in? Ans. 


Volume: The perpendicular distance measured from the z axis to the centroid of each area segment 


is indicated in Fig. a. 
V = HIFA = z| (2.66 zow) (z2) 
2 3n Ji 2 
= 272(8.0457)= 50.6 in? Ans. 





2 O66] in 





(b) 
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9-91. Determine the surface area and volume of the solid 
formed by revolving the shaded area 360° about the z axis. 


Surface Area: The perpendicular distance measured from the x axis to the centroid of each of four line 
segments.. 





A= 2rd 1504400)? + (50)? + 1504300)? + (50)? +75(700)+ a100x50) 


= 1.06 m” Ans. 


Volume: The perpendicular distance measured from the x axis to the centroid of each of two area segments. 








y= 2| (100x700X(50+ 14.667 3700450) )| H 
2 75mm ~50 mm 


= 0.0376 m? 





*0—92. The process tank is used to store liquids during 
manufacturing. Estimate both the volume of the tank and 
its surface area. The tank has a flat top and a thin wall. 














V=I@rA= 2d 1(5 Jans) + 156X6)| = 207 m’ Ans 


A = IOF L = 2n[1.5(5) + 3(6) + 1.5(3)] = 188m? Ans 
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•9—93. The hopper is filled to its top with coal. Estimate 
the volume of coal if the voids (air space) are 35 percent of 
the volume of the hopper. 





Volume : The volume of the hopper can be obtained by applying the theorem of 
Pappus and Guldinus, Eq. 9-19 with 0 = 2x, 7, = 0.75 m, 7, = 0.6333 m, 


| 
7, =0.1 m, A, = 1.5(4) = 6.00 m’, A, = 5 (1.3) (1.2) = 0.780 m’ and 


A, = (0.2) (1.2) = 0.240 m’. 


V, = OEFA = 2n(0.75(6.00) +0.6333(0.780) +0.1(0.240)] 
= 10.036" m 


The volume of the coal is 


V. = 0.65V, =0.65( 10.036) = 20.5 m` 


9-94. The thin-wall tank is fabricated from a hemisphere 
and cylindrical shell. Determine the vertical reactions that 
each of the four symmetrically placed legs exerts on the 
floor if the tank contains water which is 12 ft deep in 
the tank. The specific gravity of water is 62.4 Ib/ft*. Neglect 
the weight of the tank. 





Volume : The volume of the water can be obtained by applying the 
theorem of Pappus and Guldinus, Eq. 9- 19, with @= 22, 7, =4 ft, F, 


: l 
= 3.395 ft, A, = 8(4) = 32.0 ft and A, = (8°) = 50.27 fr. 
V = EFA = 2m 4(32.0) +3.395(50.27)] = 1876.58 fr 
The weight of the water is 
W = y, V = 62.4(1876.58) = 117098.47 Ib 


Thus, the reaction of each leg on the floor is 


4 l 
R= E s LIEST = 29274.62 Ib = 29.3 kip 
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9-95. Determine the approximate amount of paint needed 
to cover the outside surface of the open tank. Assume that a 
gallon of paint covers 400 ft’. 





Surface Area : Applying the theorem of Pappus and Guldinus, Eq.9-9 , 


3 16 
with @=2n, L, = 10 ft, La -IO a anh, Fi = §ftand 7, = — ft, we bave 


A= @EAL = 2a 8(10) +E ám) | = 288m fr 


The required amount paint = = = 2.26 gallon 


*9-96, Determine the surface area of the tank, which 
consists of a cylinder and hemispherical cap. 


SOrL = 2m | (48) i Gera) 


ria 








= 302m’ Ans 
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e9_97, Determine the volume of the thin-wall tank, which 
consists of a cylinder and hemispherical cap. 














V= 507A = 2n (Lira) + DOA] 


= 536m Ans 
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9-98. The water tank AB has a hemispherical top and is 
fabricated from thin steel plate. Determine the volume 


within the tank. 








Volume: The perpendicular distance measured from the z axis to the centroid of each area segment 
is indicated in Fig. a. | 


2 
V=2YA=2 — zue) + 0.8(1.6)(1.5)+ 0.661 + | .4)(1.6) + 0.1(0.2)(1.6) 


= 27n(4.064) = 25.5 m? 
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9-99, The water tank AB has a hemispherical roof and is 
fabricated from thin steel plate. If a liter of paint can cover 
3 m?” of the tank’s surface, determine how many liters are 
required to coat the surface of the tank from A to B. 








Surface Area: The perpendicular distance measured from the z axis to the centroid of each line 
segment is indicated in Fig. a. 


A=23L = 2n|( LO) 209), 1.61.5) + af Wa? +16 } 


= 27(6.8734) = 43.18 m? 


Thus, the amount of paint required is 


Number of liters = 2E = 14.4 liters Ans. 











9 Solutions 44918 1/28/09 2:35 PM Page 902 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*9-100. Determine the surface area and volume of the 
wheel formed by revolving the cross-sectional area 360° 
about the z axis. 














ain 4 in.— 
Surface Area: The perpendicular distance measured from the z axis to the centroid of each line 
segment is indicated in Fig. a. 
l 2(1.5 
A =EL = an|(2- a0 1)+2(1)+4(2)(4)+ @2)+ [s + - ac.) 
= 27(83.0575)= 522 in? Ans. 
Volume: The perpendicular distance measured from the z axis to the centroid of each area segment 
is indicated in Fig. a. 
2 -2 
V = NFA = (2-4 za’) +4cay+{ 6+ “| m0.5*) 
310 2 3 2 
= 272(41.9307)= 263 in? | Ans, 





FUG) | = 
lé +t a] Ti : 





e+ ZLE, 
b 
(a) (b) 
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storage tank. 
er 


e9-101. Determine the outside surface area of the — ft—— 


——. 





Surface Area : Applying the theorem of Pappus and Guldinus, Eq.9- F, 
with @= 2%, L, of 15?+4 = ¥ 241 ft, L, =30 ft, A = 7.5 fiandF, = 15 ft, 


we have 


A = BEFL = 2af 7.5( #241) + 15(30)]=3.56(10°) f Ans 


9-102. Determine the volume of the thin-wall storage tank. h im 








Volume : Applying the theorem of Pappus and Guldinus, Eq. 9- 1G with 
O=2n,F, =Sft. = 7.5 ft A, = 5(15)(4) = 30.0 7 and A, = 30(15) 


= 450 ft’, we have 


V = BEFA = 2m[5(30.0) +7.5(450)] =22.1(10°) fr Ans 
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9-103. Determine the height h to which liquid should be 
poured into the conical paper cup so that it contacts half the 
surface area on the inside of the cup. 





Surface Area : This problem requires that A = A,. Applying the theorem of 
Pappus and Guldinus, Eq.9-J, with 0 = 2x, L, = 50? + 150? = 158.11 mm, 


hy 10 
L, = n-+(5) =, F =25 mm and 7, = = , we have L,3/56-1lmm 


1 
5 (8, Ly) = 0h L, 


1 (2m(25)(158.11)] = z(t | 
2 Š 


3 


h = 106 mm 


*9-104. The tank is used to store a liquid having a specific 
weight of 80 lb/ft®. If it is filled to the top, determine the 
magnitude of the force the liquid exerts on each of its two 
sides ABDC and BDFE. 





Fluid Pressure : The fluid pressure at points Band E can be determined using 
Eq. 9- 13. p= yz. 
pa =80(4) =3201b/f? pg = 80( 12) = 960 Ib/fc 
Thus, 
wa = 320(12)=3840 lb/ft wg = 960(12) = 11520 lb/ft 


Resultant Forces : The resultant force acts on suface ABCD is 


i, = = (3840) ( $2) = 13 845.31 Ib = 13.8 kip 


and acts on surface BDFE is 


f= : (3840+ 11520) (8) = 61 440 Ib = 61.4 kip We = 1520 Iff 
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e9-105. The concrete “gravity” dam is held in place by its 
own weight. If the density of concrete is p, = 2.5 Mg/m’, 
and water has a density of p„ = 1.0 Mg/m’, determine the 
smallest dimension d that will prevent the dam from 
overturning about its end A. 





Consider a | -m width of dam. 


w = 1000(9.81)(6)(1) = 58 860 N/m 


1 z 
F = =(58 8606)" ` = 176 580N 
W = 5 (6X1 2500)9.81) = 73 57Sd.N 


CIM, = 0; ~176 580(2) + 73 575d (ža) = 0 


d = 2.68 m Ans 
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9-106. The symmetric concrete “gravity” dam is held in 
place by its own weight. If the density of concrete is 
pe = 2.5 Mg/m?, and water has a density of 
Pw = 1.0 Mg/m?°, determine the smallest distance d at its 
base that will prevent the dam from overturning about its 
end A. The dam has a width of 8 m. 











w = bp. gh = 8(1000)(9.81)(9) = 706.32 ( 10°) N/m 
F, = 5[706.32( 10°) ](9) = 3178.4410) N 
F, = 1000(9.81)( +) (4-2) (9)(8) = (176. 58d — 264. 87)( 10°) 
W= 2.5( 10°) (9.81)[ (d+ 1.5)(9(8)] = (882. 9d+ 1324,35)( 10°) 
x, = d-}(5)) = 3d+0.25 
m= 
EM, a0;  (176.$8d-264.87)( 10°) (d+ 0.25) 


588.6d? +485.595d -9601.54 = 0 


+ (882.9d + 1324.35)( 10°) ($) -3178.44( 10°) (3) =0 
d=3.65 m 


f= (76-56 264-872) 0") 





. I 
Ww=(8823d +1324 25X00} | 
aN 


j 
I 
I 


F,=3178-44(10) N 





+ (9)=3m 
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9-107. The tank is used to store a liquid having a specific 
weight of 601b/ft®. If the tank is full, determine the 
magnitude of the hydrostatic force on plates CDEF and 
ABDC. 














Loading: Since walls CDEF and ABDC have a constant width, the loading due to the fluid pressure on the walls can be 
represented by a two dimensional distributed loading. The intensity of the distributed load at points F , C, and A are given 
by 

wr = rb = 60(0)5) =0 

Wo =%icb = 62X5) = 600 lb / ft 

wa =M ab = 60% 4)(5)= 1200 lb/ft 


Resultant Force: The distributed loading acting on walls CDEF and ABDC is shown in Fig. a. Thus, the magnitudefof the 
hydrostatic force on these two walls are 


FCDEF = (600 (2.5) = 750 Ib Ans. 


Fasc = + (600+ 1200)(2)= 1800 Ib Ane 
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*9-108. The circular steel plate A is used to seal the 
opening on the water storage tank. Determine the 
magnitude of the resultant hydrostatic force that acts on it. 
The density of water is p„ = 1 Mg/m’. 











Loading: By referring to the geometry of Fig. a, the depth A expressed in terms of y is 








h -( $ + l- sina = 2.7071 —0.7071y 


cos 45° 
Thus, the water pressure at the depth A is f 
1000(9.81)(2.7071 — 0.7071y ) 0.5 m 
P= pPw8h = a 7 ara = (26.5567— 6.9367y) KN / m” 0.5m 


The differential force dF acting on the differential area dA shown shaded in Fig. a is 


dFp = pdA = p(2x) dy = 26.5567 -6367y){ 2 - y? Je 


-( s3341- y? -13.8734yq1-y? Jo 


Resultant Force: Integrating dFp from y = -1 m to y =1 m, 


lm 
Fr =| ax = | (s3134 = 9? ~ 13.8734y i-y? a 


-] m 


m 
=| 26556{ yogi — y? + sin! ’ +4.6245\(1 -y?) | 


lm 


= 83.4kN 
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•9-109. The elliptical steel plate B is used to seal the 
opening on the water storage tank. Determine the 
magnitude of the resultant hydrostatic force that acts on it. 
The density of water is p„ = 1 Mg/m’. 











Loading: By referring to the geometry of Fig. a, the depth h expressed in terms of y is 





h -( —— ti- y |sinas = 2.7071- 0.7071y 


Thus, the water pressure at the depth h is 5 í 
om 


D= Pysh = — —0.707Y) L (26.5567- 6.9367y) KN / m? 0.5 m 


The differential force dF g acting on the differential area dA shown shaded in Fig. a is 
dFę = pdA = p(2x) dy =(26.5567 — 69367) 4 o.s -y? J dy 


=( 2655611- y? -6.9367yql— y? Jo 


Resultant Force: Integrating dF rp from y = -1 m to y = 1m, 


lm 

Fr =| dF =| ; 265567 l-y? 693679 41—»? |e 
—-im 

m 

-| 13.2764 y l- y? oea | 


lm 


= 41.7kN > Ans. 
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9-110. Determine the magnitude of the hydrostatic force 


acting on the glass window if it is circular, A. The specific 
weight of seawater is y,, = 63.6 lb/ft’. 





Loading: By referring to the geometry of Fig. a, the depth A expressed in terms of y is 
h =4+0.5 -y = (4.5- y) ft 


Thus, the water pressure at the depth A is 


P=Y wh = 63.6(4.5— y) lb/ft” 


Resultant Force: The differential force dF g acting on the differential area dA shown shaded in Fig. a is 


dFp = pdA = p(2x) dy = 63.4.5 -y| 20.25- y? Ja 


= l 572.4 0.25- y* — 127.2y 40.25- y? dy 


Integrating dF p from y = -0.5 ft to y = 0.5 ft, 
O05 ft y 7 5 5 
Fr = Í dFR =| (57244025 -y“ -— 127.2y4 0.25- y a 
-0.5 ft 


0.5 ft 
-| 2864 yl0.25- y? + 0.25sin™ 2] +42.4q(0.25~ y2)? | 


-0.5 ft 


Ce x 


i 
pega 


a 0.DFt x 
q= ‘U LA Losft 


dA 


x44 %= 0:29 
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9-111. Determine the magnitude and location of the 
resultant hydrostatic force acting on the glass window if it is 
elliptical, B. The specific weight of seawater is 
Yw = 63.6 lb/ft. 





Loading: By referring to the geometry of Fig. a, the depth A expressed in terms of y is 
h =4+0.5 -y = (4.5- y) ft 

Thus, the water pressure at the depth A is 
Pp =Y wh = 63.6(4.5— y) lb/ft” 


Resultant Force: The differential force dF g acting on the area dA shown shaded in Fig. a is 


dFp = pdA = p(2x) dy = 63.44.5 4 20.25 -y? JI 
7 £ 144,840.25- yra 254.4y 40.25- y Jo 


Integrating dF rp from y = -0.5 ft to y = 0.5 ft, 
05 ft 5 
Fr = | dF p =Í (114484025 -y2 ~254.4yq0.25- y? Ja 
0.5 ft | 
0.5 ft 
=| s24 {0.25 -y2 +0.25sin7! Z) 84.8y(0.25- y2) | 
i -0.5 ft 


= 449.56 Ib = 450 Ib Ans, 


Va 
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*9-112. Determine the magnitude of the hydrostatic force 
acting per foot of length on the seawall. y,, = 62.4 lb/ft’. 








As ju a fi -yd 3 [, 2? dx = zol = 5.333 fè 


w = byh = 1(62,.4)(8) = 499.2 lb/ft 


F, = 5.333(1)(62.4) = 332.8 b 
F, = 1(499.2)(8) = 1997 Ib 


Fy = ¥(332.87 + (1997 = 2024b = 2.02kip Ans 
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e9-113. If segment AB of gate ABC is long enough, the 
gate will be on the verge of opening. Determine the length 
L of this segment in order for this to occur. The gate is 
hinged at B and has a width of 1 m. The density of water is 
Pw = 1 Mg/m°. 





Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional 
distributed loading. The intensity of the distributed loading at points B and Care 

wp = Pwehp b= 1000(9.81)(4)(1)= 39 240 N =39.24kN 

wc = Pwehcb= 1000 9.81)(6)(1) = 58 860 N = 58.86 kN 


Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This loading is replaced by its resultant 
force on the free- body diagram of the gate, Fig. b. 


Equations of Equilibrium: Writing the moment equation of equilibrium about point B, 


(Ms =0; Nc (2)+ 39.24(2)(1) - 39.24(2)(1)- = (58.86- 39.24,2) 2) =0 
Nc = 13.08kN = 13.1 kN Ans, 
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9-114. If L =2m, determine the force the gate ABC exerts 
on the smooth stopper at C. The gate is hinged at B, free at 
A, and is 1 m wide. The density of water is p,, = 1 Mg/m’. 





Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional 
distributed loading. The intensity of the distributed loading at points B and C are 

Wp = P „ghg b= 1000 9.81)(4)(1)= 39 240N =39.24 kN 

Wo = Pwahc b= 1000 9.81)(6)(4+2)= 58 860 N = 58.86 kN 


Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This loading is replaced by its resultant 
force on the free- body diagram of the gate, Fig. b. 


Equations of Equilibrium: Since the gate is on the verge of opening, Nc = O0.Writing the moment equation of equilibrium 
about point B, 


(2M p= 0; 39.24(L (+) — 39.24(2)(1)— = (58.86- 39202] 2o =0 
L=2.31m ies 


aWlg=39-24 kal|m |7™ 


Addit 
N 








am 
£. 





a 

alll. 
k= 
siei 


W= 5886 KNim 468b -39-2A)(2,) kh 


(b) 
(a) 


914 








9 Solutions 44918 1/28/09 2:35 PM Page 915 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


9-115. Determine the mass of the counterweight A if the 
1-m-wide gate is on the verge of opening when the water is 
at the level shown. The gate is hinged at B and held by the 
smooth stop at C. The density of water is p,, = 1 Mg/m°. 





Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional 
distributed loading. The intensity of the distributed loading at points B and C are 


wp = Pwahp b = 1000(9.81)(2)(1) = 19620N /m=19.62kKN/m 
wc = Pwehcb= 1000 9.81)(2+ 2sin45° (1) = 33493.44 N/m = 33.49kN/m 


Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This distributed loading is replaced by 
its resultant force on the free- body diagram of the gate, Fig. b. 


Equations of Equilibrium: Since the gate is on the verge of opening, Nc = 0. Writing the moment equation of equilibrium 


about point B, 
1 2 m 4(9.81)(1) 
== 0; : —(33.49-19. = (2) -== = 0 
(Mp 0; 19.6X2 (1) + 5 (33.49 19.62 2{ 2 \a 1000 
m4 = 5885.62 kg = 5.89 Mg Ans. 


My(F-B1) 
19.62(2) KN ay 





(b) 
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*9-116. If the mass of the counterweight at A is 6500 kg, 
determine the force the gate exerts on the smooth stop at C. 
The gate is hinged at B and is 1-m wide. The density of 
water is p,, = 1 Mg/m°. 








Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional 
distributed loading. The intensity of the distributed loading at points 8 and Care 


wp = Pwehp b= 10009.81X2X1) = 19620N /m=19.62kN/m 
WC = Pwehcb = 1000 9.81 2+ 2sin45°\1) = 33493.44 N / m = 33.49kN/m 


Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This distributed loading is replaced by 
its resultant force on the free- body diagram of the gate, Fig. b. 


Equations of Equilibrium: Writing the moment equation of equilibrium about point A, 


(42M, =0; Nc(2)+ 16349-09600] 2} 19,62(2)(1) — ae 1)=0 
Nc =3.02 KN Ans, 
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e9-117. The concrete gravity dam is designed so that it is held 
in position by its own weight. Determine the factor of safety 
against overturning about point A if x = 2 m. The factor of 
safety is defined as the ratio of the stabilizing moment divided 
by the overturning moment. The densities of concrete 
and water are Peonc = 2.40 Mg/m? and p, = 1 Mg/m?, 
respectively. Assume that the dam does not slide. 

















Resultant Force Component: The analysis of this problem will be based on a per meter width of 

the dam. The hydrostatic force acting on the parabolic surface of the dam consists of the vertical 
component F, and the horizontal component F} as shown in Fig. a. The vertical component F, consists 
of the weight of water contained in the shaded area shown in Fig. a. 


F, = pwsApcp() = (1000X981) = 2X6) = 39240N = 39.24 kN 


The horizontal component F} consists of the horizontal hydrostatic pressure, which can be represented 
by a triangular distributed loading shown in Fig. a. The intensity of the distributed loading at point B is 
wg = Pwehpb = 1000(9.81)(6)( 1) = 58860 N / m = 58.86 kN / m. Thus, 


l 
Fh = 5 (58.86)(6) = 176.58 kN 


The weight of the parabolic shaped concrete dam is 


(Woon) p = Pcon8¥ = 24009.81] 22,6. = 188 352 N = 188.352 kN 


The weight of the rectangular shaped concrete dam is 
(Weon )r = PeongV = 2400(9.81)[2(6)( )] = 282 528 N =282.528 kN 


Location: The location of each of the above forces are indicated in Fig. a. Here, F} creates the overturning 
moment M; about point A, while F}, (Woon) p» and (Weon )r contribute to the stabilizing moment M , about point 
A.Thus 
FS ak 
M; 


282.52%1) + 188.3522 riol + 39.24) 2 + 2) 


lig 
176.58 3 ©] 
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G -39,24 KN 
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9-118. The concrete gravity dam is designed so that it is 
held in position by its own weight. Determine the minimum 
dimension x so that the factor of safety against overturning 
about point A of the dam is 2. The factor of safety is defined 
as the ratio of the stabilizing moment divided by the 
overturning moment. The densities of concrete and water 
are Pconc = 2.40 Mg/m? and p, = 1 Mg/m?°, respectively. 
Assume that the dam does not slide. 

















Resultant Force Component: The analysis of this problem will be based on a per meter width of 

the dam. The hydrostatic force acting on the parabolic surface of the dam consists of the vertical 
component F, and the horizontal component F, as shown in Fig. a. The vertical component F, consists 
of the weight of water contained in the shaded area shown in Fig. a. 


Baptini caoonx.80] £ 02X6) k= 39240N = 39.24 kN 


The horizontal component F, consists of the horizontal hydrostatic pressure, which can be represented 
by a triangular distributed loading shown in Fig. a. The intensity of the distributed loading at point B is 
WR = Pwehpb = 1000(9.81)(6)( 1) = 58860 N / m = 58.86 KN / m. Thus, 


F, = = (58.866) = 176.58 KN 


The weight of the parabolic shaped concrete dam is 


(Woon ) p = Peon8&Y = 24009.81) Že 2x6XD| = 188 352 N = 188.352 kN 


The weight of the rectangular shaped concrete dam is 
(Woon )r = Peong = 2400(9.81)6 )(x)( 1) = 141 264xN =141.264xkN 


Location: The location of each of the above forces are indicated in Fig. a. Here, F} creates the overturning 
moment M, about point A, while F,, (Woon) p, and (Woon )r contribute to the stabilizing moment M , about point 


A.Thus 

M 
F.S. =—= 

M; 

141 2| 2 )+ 188.352 $(2)+- | + 39.241 2 yea] 
2 = - , = : 
17658 +0 
} 3 

x=1.5lm Ans. 
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9-119. The underwater tunnel in the aquatic center is y 
fabricated from a transparent polycarbonate material 
formed in the shape of a parabola. Determine the magnitude 
of the hydrostatic force that acts per meter length along the 
surface AB of the tunnel. The density of the water is 
Pw = 1000 kg/m’. 

















Resultant Force Component: The hydrostatic force acting on the parabolic surface AB of the tunnel 
consists of the vertical component F, and the horizontal component F, as shown in Fig. a. 
The vertical component F, represents the weight of water contained in the shaded area shown in Fig. a 


F, = Py 3A aBCDÈ = (1000X989 22)+=(2x4)[1)= 65 400 N = 65.4KN 


The horizontal component F} represents the horizontal hydrostatic pressure. Since the width of the tunnel 
is constant (1 m), this horizontal loading can be represented by a trapezoidal distributed loading shown in 
Fig. a. The intensity of this distributed loading at points A and B are w4 = Pwgha b= 1000(9.81)(2)(1)= 
19620 N /mandwp = pyghpb = 1000(9.81)(6)( 1) = 58860 N / m = 58.86 KN / m. Thus, 


1 
F, = z (19.62+ 58.86)(4) = 156.96 kN 


Resultant: The resultant hydrostatic force acting on the surface AB of the tunnel is therefore 


Fr = Jr? +F, = 1156.96? + 65.42 = 170KN Ans. 
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*Q_120. Locate the centroid x of the shaded area. 


dA = ydr = x dx 











e9-121. Locate the centroid y of the shaded area. 
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9-122. Locate the centroid y of the beam’s cross-sectional 
area. 


Centroid : The area of each segment and its respective centroid are tabulated 
below. 


~ Segment A(mm’) y(mm) yA(mm’) 





l 300(25) 1125 843750 
2 100(50) 50 250 000 


E 12 500 1093 750 


EJA | 1 093 750 


a iso mm 


ï a — 





9-123. Locate the centroid z of the solid. z 

















Volume and Moment Arm : The volume of the thin disk differential element is 
t 
dV = nyde = dd -§)|@= a(a~ = \de and its centroid is at Z= z. 
Centroid : Due to symmetry about the z axis 
x¥=z=y=0 Ans 


Applying Eq. 9 4 and performing the integration, we have 


MAN e|m{o~5 a] 
al [info 3) 


Rca) n 
ea), 


m= 
Vo 
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*Q-124, The steel plate is 0.3 m thick and has a density of 
7850 kg/m°. Determine the location of its center of mass. Also 
compute the reactions at the pin and roller support. 





Fluid Pressure : The fluid pressure at the toe of the dam can be determined 
using Eq. 9- 15, p= yt. 





p = 62.4(8) = 499.2 lb/ft’ 
Thus, 





w = 499.2(1) = 499.2 lb/ft 


Resultant Forces : From the inside back cover of the text, the 
l l 
exparabolic area is A = =a = = (8) (2) = 5.333 ft’. Then, the vertical and 


horizontal components of the resultant force are 
F, = YV = 62.4[5.333(1)] = 332.8 Ib 


R, = ; (499.2) (8) = 1996.8 Ib 


The resultant force and is 


Fy = [Fg + Fg = 332.8" + 1996.8 


k 
wz / 
= 2024.34 Ib = 2.02 kip 499-2 bite “Aft 


e9-125. Locate the centroid (x, y) of the area. 











Centroid : The area of each segment and its respective centroid are tabulated 
below, 


Segment A(in*) F(in.) y(in.) XA(in?) yA (in’) 
i = (3)(3) 7 i 31.5 4.50 
6(3) . 3 1.5 54.0 27.0 


ae 4 
7 (3 ) E —9.00 9.00 


bi 
"3 (1°) 0 ~0.667 


27.998 50 39.833 


EiA 76.50 . 
TA = 27.998 = 2.73 in. 
EJA 39.833 


Z = 


SS = 
IA 27.998 


1.42 in. 
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9-126. Determine the location (x, y) of the centroid for 
the structural shape. Neglect the thickness of the member. 























Ceniroid : The length of cach segment and its respective centroid are tabulated 
below. 


Segment L(in.) y(in.) yL(in?) 
l 2(1.5) 3 9.00 
2 2(3.354) l5 10.06 
3 2 0 0 


pa 11.71 


Due to symmetry about y axis, ï=0 


aL 1906 i egin gs; 
3 — I m 
E it °C 


9-127. Locate the centroid y of the shaded area. 





ja ZM „n $000 20°[ aaco] -AN 2626 
EA ¢(a)(acos30°) + [a{a)] 
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*9-128. The load over the plate varies linearly along the 
sides of the plate such that p = z [x(4 — y)] kPa. Determine 
the resultant force and its position (x, y) on the plate. 


Resultant Force and its Location: The volume of the differential element is 
2 Z 
dV = dF, = pdxdy = zad) [(4—y) dy] and its centroid are x = x and y = y. 


- aim 


jay 
Ref d= | jedo (s-no 
Fi ù 0 
-GN W-E ron Ams 


ie im 
| idĘ = a ere ek 
f -f AG f (4 y)dy 


JCA eoe 


a 


Jm, im 
| jin=f Scan ya-ya 
Fi o J0 


JECC- Jarn 


e9-129. The pressure loading on the plate is described by 
the function p = {—240/(x + 1) + 340} Pa. Determine 
the magnitude of the resultant force and coordinates of the 
point where the line of action of the force intersects 


the plate. 


Resultant Force and its Location : The volume of the differential clement is 
dV = dF, = 6pdr = 6(-—— +340) ds and its centroid is x = x. 
x 


Sm 
240 
= dF. = — 
Fy L R I. 6{-— +340 ax 
= 6(~-240in(x + 1) + 340x) |3" 


= 7619.87 N = 7.62 kN 


Jm 
f idf, -f éx( = +340) 
R 0 x+1 
=[- 1440[x ~ In(x + 1)] + 1020x°]|5" 
= 20880, 13 N-m 


J, dF, 20880, 13 

= Fy R 7 a i 

i= — E l7 
ld 7619.87 ji 


y=3.00m 
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e10-1. Determine the moment of inertia of the area about y 
the x axis. 

















The area of the rectangular differential element in Fig. ais dA =(2 —x)dy.Since x = (4y)“3then 
d = [2 -(4y)"3] dy. 


Iy =| yd 
A 
2m 
=| y?[2-cay'3] 
0 


2m 
=f @y?-4'8y73)ay 
0 

m 


lacs 
2y _3 4/3) 10/3 4 
+. 
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10-2. Determine the moment of inertia of the area about y 
the y axis. 

















il 
= 
b 
3 
afu 
& 
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10-3. Determine the moment of inertia of the area about 
the x axis. 











The area of the rectangular differential element in Fig. a is dA =(1—x)dy.Since x = y7, then dA = (1- y2) dy. 


I, = I. y?dA 
f” yh 23] a 


lm 
f (y2 —y83 yay 


il 


0 
3 m 
(4- =y 11/3 = 0.0606 m“ Ans. 
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*10-4. Determine the moment of inertia of the area about 
the y axis. 











The area of the rectangular differential element in Fig. ais dA = ydx = x 3/2 dy, 


2 
I =f X “dA 
yoda 
lm 
=f 27(x3) de 
0 
lm 
=f pte 


{ 


0 


oO [ro 


m 
x”! 2) = 0.222 mí Ans. 
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e10-5. Determine the moment of inertia of the area about y 
the x axis. 

















— 
y 
= 

kÈ 
Ş 





(4) 
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10-6. Determine the moment of inertia of the area about y 
the y axis. 
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10-7. Determine the moment of inertia of the area about 
the x axis. 











The moment of inertia of the area about the.x axis will be determined using the rectangular differential 
element in Fig. a. This area is 


dA =(1—x)dy TEON dy 
nefra = PS) ore p -E Ja 


3 1/4 
-P5-(3) O =0.205im* Ans. 
1 | 


2 
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*10-8. Determine the moment of inertia of the area about 
the y axis. 











The moment of inertia of the area about the y axis will be determined using the rectangular differential 
element in Fig. a. This area is 


dA = y dx = 2x* dx 


Im lm 9 m 
ly al x7dA -Í x?(2x4dr] =Í 9x® k= (37) =0.286m* Ans. 
A 0 0 7 
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e10-9. Determine the polar moment of inertia of the area 
about the z axis passing through point O. 











The moment of inertia of the area about the.x and y axes will be determined using the rectangular differential 
element in Figs. a and b. The area of these two elements are 


1/4 
dA -a-»a =|1-(2) [oma dA = y dx = 2x* dx. 


2m _| 1/4 2m 1/4 
| l | 
pef yan =| y1 1- z) w= | »2-(3) y4 lay 
A 0 2 0 | 2 
m 

3 1/4 | 
my en NE, 4) 13/4 _ 4 
2 (z) 5) = 0.2051 m 


2 eT ae at 6 27" 4 
ly = | 27d = x?(2x dx) = 2x t= (2x | = 0.2857 m 
A Jo 7 


Thus, the polar moment of inertia of the area about the z axis is 
Jo = 1, + Ty = 0.2051 + 0.2857 = 0.491 m? Ans. 
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10-10. Determine the moment of inertia of the area about 
the x axis. 














Differential Element : Here, x = yi. The area of the differential element 
parallel to xaxis is dA =xdy = yřdy . 


Moment of Inertia : Applying Eq. 10- land performing the integration, we 
have d4 


TED 


BE 


= 307 in‘ 


10-11. Determine the moment of inertia of the area about 
the y axis. 








Differential Element ; The area of the differential element parallel to yaxis is 
dA =(8~y)de=(8-x°) dx. 


Moment of Inertia : Applying Eg. 10-1 and performing the integration, we 
have 


L= $ x'dA= f (8-2) dx 





936 








10 Solutions 44918 1/28/09 4:21 PM Page 937 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*10-12. Determine the moment of inertia of the area 
about the x axis. 





Differential Element : The area of the differential element parallel to y axis 
is dA = ydr . The moment of inertia of this element about x axis is 


dl, = dl, +dAj? 
l 3 yy 
sgt tral) 


=5(2-2°) de 


= 5 (8s? +241" — 241’ +8) dx 


Moment of Inertia: Performing the integration, we have 


e10-13. Determine the moment of inertia of the area 
about the y axis. 





Differential Element : The area of the differential element parallel to yaxis is 
dA = ydx = (2-20) dr. 


Moment of Inertia : Applying Eq. 10- land performing the integration, we 
have 


L a| ata a| x (2-2) dr 
2 l « lia. 
[3-3] 


o 
= 0.333 in’ 
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10-14. Determine the moment of inertia of the area about y 
the x axis. Solve the problem in two ways, using rectangular 
differential elements: (a) having a thickness of dx, and 
(b) having a thickness of dy. 





4 in. 








a)Differential Element : The area of the differential element parallel to y axis 
is dA = ydx . The moment of inertia of this element about x axis is 


dl, = di, +dAj* 
= l 3 yy 
= = (de)y’ +yds(2) 
= 5 (4-40) ae 


l 
= 5 (Oar? + 192x* ~ 192x* +64) dx 


Moment of Inertia : Performing the integration, we have 


] plis. 


zid] = 
L J ~ 3S otis. 
64 192 
s s(a +x - Ee +64) 


= 19.5 in’ Ans 


5 (~4x* + 192x“ — 192s" + 64) dx 





=Lin. 


b\Differential Element : Here, x = 5/3- y. The area of the differential 
element parallel to x axis is dA = 2rdy = y 4- ydy . 


Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 





a _2y? _ 3 8y _ : 16 : dia. 
. ml- (4-9)? = (4-9) I, 


= 19,5 in‘ Ans 
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10-15. Determine the moment of inertia of the area about 
the y axis. Solve the problem in two ways, using rectangular 
differential elements: (a) having a thickness of dx, and 
(b) having a thickness of dy. 











aDifferential Element : The area of the differential clement parallel to yaxis 
is dA = ydr = (4~4x*) de. 


Moment of Inertia : Applying Eq. 10- 1 and performing the integration, we 
have 


L =] x*dA aj" x (4—4x") de 
=T1s. 


= 1.07 in* Ans 


l 
b)Differential Element ; Here, x = 3” 4 —y. The moment of inertia of the 
differential element about y axis is 


l 3 2 l : 
dl, = (dy) (2x ) =z dy = 5 (4-y)*dy 


Moment of Inertia : Performing the integration, we have 








= 1.07 in* Ans 
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*10-16. Determine the moment of inertia of the triangular 
area about the x axis. 





Area of the differential clement (shaded) dA = xdy where x = b — fy, hence, 
dA = xdy = ( b- by) dy. 


I, = J ydAs [-¥(6-2y) ay 


-{@-b 


e10-17. Determine the moment of inertia of the triangular 
area about the y axis. 


Area of the differential element (shaded) dA = ydr where y= h- Èx, hence, 
dA = ye = (h- bx) de. 





L =ħ 2da = f 2 (h-ta)dr 


fete 
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10-18. Determine the moment of inertia of the area about 
the x axis. 


Differential Element : Here, x = a The area of the differential element 
h 


bh 4 
parallel to xaxis is dA = xdy -zlo ' 





Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 


have 
i b 
i 
I, =] yda -f z] 
A o (yh 


b f2 1 








10-19. Determine the moment of inertia of the area about 
the y axis. 








Differential Element: The area of the differential element parallel to yaxis is 
dA =(h-y)dx = (= 53? la . 








Moment of Inertia : Applying Eg. 10—1 and performing the integration, we 


have 
A 
= i -= 2 2 
h =Í x dA = E (n- Se Jas 
J 
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*10-20. Determine the moment of inertia of the area y 
about the x axis. 





2 in. 








8 in. > 








dl, = diy + dAy’ 
= ae + yde(2) 
12 if 


l 
a -y dr 
r 


- . =È a 10.7in A 
R= J, di, = [pa [3 dx =| 10.7 m ns 
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e10-21. Determine the moment of inertia of the area y 
about the y axis. 





8 in. 


dl, = dh + dAx* 

= La (8-y)' + (8-7) afr st(-r)) 

=[5(8-)’+ (8-/)(Z)0+9)"]o 
b=), = [[ke-n- (8-7)(5)('+8)"| 4 = 207i0" Ans 
Also, 


8 
L = J 2 aa = J? ydr = fta zr] = 307i Ans 
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10-22. Determine the moment of inertia of the area about 
the x axis. 


y = 2 cos (Fx) 





di, = di;’+ dA y? 


lo e) ly 
ead yp sydel2) acy de 
in a) “7 


Laj dl | Ee Jas 


10-23. Determine the moment of inertia of the area about 
the y axis. 
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*10-24. Determine the moment of inertia of the area 
about the x axis. 





Differential Element: The area of the differential element shown shaded in Fig. a is 


dA = (rd@) dr. 
Moment of Inertia: 
mi2 et 
in =f y*dA = f r? sin?0 (rd@)dr 
A —7/2~ 0 
mi2 el 
= r° sin? @drd@ 
=—7/ 2+ 0 
xi2(.4 W° 
=| Z || sin2@de 
—-nx/2\ 4 
mi2 4 
-f -0 sin?610 
-ni2 4 


However, sin* @ = =a — cos 20 ). Thus, 


mi2 n* 
| -g l- 00828 )d0 


io 
-m /2 
4 ni2 4 
ʻ ak i a| : = TR 
mi2 
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10-25. Determine the moment of inertia of the area 
about the y axis. 





Differential Element: The area of the differential element shown shaded in Fig. a is 


dA = (rd@) dr. 
Moment of Inertia: 
mi2 prio 
ly =| x?dA = Í r? cos? @(rd@ xdr 
A —nm/2¢ 0 
tl2 pt 
= | r° cos” @drd@ 
—1/2~ 0 
ri2{ 4 \° 
=| r | cos? a6 
-7/2 4 
mi2 mnt 
-| ZO cos20d0 
-n/2 4 


However, cos” @ = = (cos 26 + 1). Thus, 


aI? n* 
ly -| -o CoA + Idd 


-n l2 
4 m2 4 
= LY 4 sin20 + | == Ans. 
8 
2 


UN 
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10-26. Determine the polar moment of inertia of the area 
about the z axis passing through point O. 





10-27. Determine the distance y to the centroid of the 
beam’s cross-sectional area; then find the moment of inertia 
about the x’ axis. 





























Centoid : 
+g EM ODHAK) 
Moment inertia : 


= hg)? l 
h = z3 (X2 + 6(2)(2.20- Dea g+ Laxa -2.20)] 


= 57.9 in* Ans 
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*10-28. Determine the moment of inertia of the beam’s 
cross-sectional area about the x axis. 























| 
L= [50w O E +canana?] 


=15Sin* Ans 


e10-29. Determine the moment of inertia of the beam’s 
cross-sectional area about the y axis. 























= 529 SZO + 104)015)"] = 547 in‘ 
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10-30. Determine the moment of inertia of the beam’s y 


cross-sectional area about the x axis. 60mm | 60 mm 
15 mm — 











Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. The 
perpendicular distance measured from the centroid of each segment to the.x axis is also indicated. 
Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. 
Thus, 
I, = 1, +A(dy)? 
l 3 r WeZ | l s3 (502 
=|2 q3 05X300 ) (+ X15)(300)(0)” |+ īz (12005 ) {+ 2(120)(15 X50) 


= 67.(10°) + 9.067%10É)= 76.6(10°) mm* 


Y 

bomm | bomm 
I5 mMm > | ) tC | [5mm 
[5mm D 


r. =E 750mm 


Thats Somm 
130m") | lisma O 


(a) 


— 


_—, 
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10-31. Determine the moment of inertia of the beam’s y 
cross-sectional area about the y axis. 


60mm | 60 mm 
15 mm — 











Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. The 
perpendicular distance measured from the centroid of each segment to they axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. 
Thus, 
ly =} +A(dy j 


ʻ | 5760015) x 30041346757 |d 15x120°)}+ x120x15x0)? | 


= 41.17410É)+ 4.32 10°) = 45.5(10° )mm* ‘Ame: 
Gomm | Gomm 
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*10-32. Determine the moment of inertia of the 
composite area about the x axis. 

















Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. Since segment (3) is a hole, it contributes a 
negative moment of inertia. The perpendicular distance measured from the centroid of each segment to the.x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. Thus, 
I, = Ly +A(dy)? 


l l 200 \* l fi 
= | =— (300X 200° )+—(300 200) —— Ed 3 2 ~ (754 )4(- 2 2 
(300X + X { 5 | [eoa )+ 300 200)( 100) l ral )+( (75 10077 


= 798 10°) mm“ oo 





951 








10 Solutions 44918 1/28/09 4:22 PM Page 952 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e10-33. Determine the moment of inertia of the 


composite area about the y axis. 




















Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. Since segment (3) is a hole, it contributes 
a negative moment of inertia. The perpendicular distance measured from the centroid of each segment to the y axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. Thus, 


ly =Ï; +A(dx)” 
| 200x300 )+ = (200,300 200)? | +| (2003(300° j+ 200300) 450)? | + -Z crs )+ (-(75%)}450)? | 
Ans. 


= 10.10? ) mmź 
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10-34. Determine the distance y to the centroid of the 
beam’s cross-sectional area; then determine the moment of 
inertia about the x’ axis. 

















25 mm 


Centroid : The area of each segment and its respective centroid are tabulated below. 


Segment A(mm?) jy¥(mm) yA(mm’) 


l 50( 100) 75 375(10°) 
2 325(25) 12.5  101.5625(10°) 
3 25( 100) -50 =125(10) 
E 15.625( 10) 351.5625( 10°) 


__ EJA _ 351.5625( 10") 
Y= SA * 5625018) > ™™ am 





Moment of Inertia : The moment of inertia about the x’ axis for each segment can be determined 


50mm 
using the parallel — axis theorem J,. =} +Ad’. 25mm 25mm 50mm 


Segment A,;(mm’) (d, ), (mm) (Z.), (mm) (Ad?) (mm‘) (Ip); (mm‘) 


1 50(100) 52.5 450) (100)  13.781(10°)  17.948(10%) 
2 325(25) 10 #¢(325)(257)  0.8125(10%)  1.236(10ć) 
3 25(100) 72.5 4-(25)(100?) 13.141 (10%)  15.224(10°) 





l = E(I,-), = 34.41( 10°) mm‘ = 34.4(10°) mm* Ans 
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10-35. Determine the moment of inertia of the beam’s 
cross-sectional area about the y axis. 














Moment of Inertia : The moment of inertia about the y’ axis for each segment can be determined using 
the parallel — axis theorem L. =. +Ad’. eum Emm 
8l5mn | 875mm |) | 
Segment A; (mm?) (d,);(mm) (i .) (mm*) (Ad?),(mm‘) (J,.), (mm*) 
1  2100(25)) 100 2 È(}z(100)(25))  $0.0(10)  50.130(10) 
2  25(325) 0 $ (25)(325°) 0 71.519105) (Omm 
3 100(25) 0 tr (100) (25*) 0 0.130( 105) 


I, =2(4.), = 121.78( 10°) mm‘ = 122( 10°) ee 


*10-36. Locate the centroid y of the composite area, then 
determine the moment of inertia of this area about the 
centroidal x’ axis. 





Composite Parts: The composite area can be subdivided into three segments The perpendicular distance 
measured from the centroid of each segment to the.x axis is also indicated. 


Centroid: The perpendicular distances measured from the centroid of each segment to the x axis are indicated in Fig. a. 


_ IGA _ (1X6X2)+ 28.53) _ oo 
A (6X2)+203XD] 1.833 in. = 1.83 in. Ans. 


Moment of Inertia: The moment of inertia of each segment about the x' axis can be determined using the parallel - axis theorem. 
Thus, 


ly =]; + A(dy 


7 50612904 6(2\(1.833- | + J ans 1(3\3.5- 1.883) | 


= 33.5 in? Ans. 
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e10-37. Determine the moment of inertia of the 
composite area about the centroidal y axis. 





Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. 
Thus, 


ly =, + A(d,)* 
=| Ley63)]4J baat 2 
=| 5x6 )}+ eax )+3€0)(2.5) | 


= 74in* Ans. 





10-38. Determine the distance y to the centroid of the y 
beam’s cross-sectional area; then find the moment of inertia 
about the x’ axis. 50 mm | 50 mm 








-—200 mm — 
/joomm 
Cenrroid : 
ja EM „ 30 100) (200) + 250( 100)(300) 170mm Ans 
IA 100( 200) + 100( 300) 
Moment of inertia : 


PF Z200 100)? + 200 100)(170 - $0)? 


+o 100)( 300)? + 100(300)(250— 170)? 


= 722(10)° mm“ Ans 
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10-39. Determine the moment of inertia of the beam’s 
cross-sectional area about the x axis. 


50 mm | 50 mm 





L = [5020 + (020.130.093 | 


l 
[5003 + (0.110.3900.25) | = 2.17(10°)m* Ans 
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*10-40. Determine the moment of inertia of the beam’s y 
cross-sectional area about the y axis. 


50 mm | 50 mm 





is = 100)(200)? + = (300)( 100)? =91.7(10)S mm‘ Aas 





957 








4:22 PM Page 958 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10 Solutions 44918 1/28/09 


e10-41. Determine the moment of inertia of the beam’s 


cross-sectional area about the x axis. 





50mm 50mm 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into two segments as shown in Fig. a. Here, 
segment (2) is a hole, and so it contributes a negative moment of inertia. 
Moment of Inertia: Since the x axis passes through the centroid of both rectangular segments, 


ly =(J,), i (I, )o 


~ | (100X(2603) - (92.5230 ) 
12 12 
Ans. 


= 52.110°) mm* 


[Z0mm liG mm 


(15mm 


os 
| 
fe 
Ni 


(A) 
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10-42. Determine the moment of inertia of the beam’s y 
cross-sectional area about the y axis. 





4 
i 


50mm 50mm 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into two similar segments (2) and one 
segment (1) as shown in Fig. a. The location of the centroid of each segment is also indicated. 


Moment of Inertia: Since the y axis passes through the centroid of each segment, 
ly n z(I P 
l 3 l 3 
= 2} —-(15)(100° ) | + —(230)(7.5 
l 7) (15X | 5! 7.5”) 


= 2.51(10°) mm* Ans. 


DOmm 
tom |. 


L 


Somm 


C | 

li5mm| | 
| 9 
HGmm\ C, | IMM 


J 


[5mm 


(A) 
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10-43. Locate the centroid y of the cross-sectional area 
for the angle. Then find the moment of inertia J, about the 


x’ centroidal axis. 


Centroid : The area of each segment and its respective centroid are tabulated below. 





Segment A(in?) y(in.) yA(in’) 
I 6(2) 3 36.0 
2 6(2) l 12,0 


£ 24.0 48.0 


a a N aaoi Ans 


ZA 24.0 


Moment of Inertia : The moment of inertia about the x’axis for each segment can be 
determined using the parallel - axis theorem /,. = ,. +Ad?. 


Segment A; (in?) (d,),(in.) (£.), (int) (Ad?) (Got) (1,-), (in) 
i 2(6) l ir (2) (6°) 12.0 48.0 
2 6(2) l tr (6) (2°) 12.0 16.0 


I, = Z(I,-), = 64.0 in" 


*10-44. Locate the centroid x of the cross-sectional area 
for the angle. Then find the moment of inertia Z, about the 


y’ centroidal axis. 
Centroid : The area of cach segment and its respective centroid are tabulated below. 
Segment A(in?) F(in.) ¥A(in’) 


l 6(2) I 12.0 
1 6(2) 5 60.0 





Ans 


Moment of Inertia : The moment of inertia about the y’axis for each segmentcan be 
determined using the parallel — axis theorem |, =]. +Ad. 


Segment A; (in?) (d,);(in.) (J.),(in*) (Ad?),(in*) (J,-), (in*) 


l 6(2) 2 tr (6) (2°) 48.0 52.0 
2 2(6) 2 tr (2) (6) 48.0 84.0 


l. =E(1,-), = 136 in 
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e10-45. Determine the moment of inertia of the 
composite area about the x axis. 











Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. The perpendicular distance measured from 
the centroid of each segment to the x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. Thus, 
I; =] +A(dy)” 
- | (150, 300° )+300(150x0)? |+ [Zasas + 150115075) |+| 1(150,1503)+ (150X150) 50) | 


(12 
= 549 10°) mmt Ans. 
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10-46. Determine the moment of inertia of the composite 
area about the y axis. 











Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. The perpendicular distance measured from 


the centroid of each segment to the y axis is also indicated. 
Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. Thus, 


ly = Ty +A(d) 
= |050,1503)- 150150757 | +| © (1503(300° + 15(300K 0)? |+| (150, 1503)-+ 2(150K150X 50)? | 
= 549 10°) mm Ans. 





IS50mm | [50mm 


(a) 
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10-47. Determine the moment of inertia of the composite 
area about the centroidal y axis. 




















f 
a E om 50 mm 


Composite Parts: The composite area can be subdivided into four segments as shown in Fig.a. Since segment (4) is a hole, it contributes 
a negative moment of inertia. The location of the centroid for each segment is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. Thus, 
=Í +A(dx)” 


m [of == (240 1503 ) + f 3240 150)) 50? | + | (4501 300? )+ 450(300\ 0} | + |- — (350K 2003) + (-350( 200) op | 


ly 


= 914(10° ) mm4 Ans. 





150mm 


lSomm 


(a) 
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*10-48. Locate the centroid y of the composite area, then 
determine the moment of inertia of this area about the 
x' axis. 




















. |. Jot 
E eG Tl 50 mm 
Composite Parts: The composite area can be subdivided into three segments as shown in Figs.a and b. Since segment (3) is a hole, 
it should be considered a negative part. 
Centroid: The perpendicular distances measured from the centroid of each segment to the x axis are indicated in Fig. a. 
sd = (300, 240) +225(300( 450) + 224 -200(350)) 








_ 33.705(10°) 


. BWA 
=a pe 0° 
z (300K 240) + 300(450) — 200( 350) 1010" ) 


=333.71mm=334mm Ans. 


Moment of Inertia: The moment of inertia of each segment about the x” axis can be determined using the parallel - axis theorem. 
The perpendicular distance measured from the centroid of each segment to the x’ axis is indicated in Fig. b. 
ly = Ty + Ady 


= | 35 300x240" + (8003 240\(196.29)? | + |7 800X450°)+ 300450X(108:71)? | 


a-p aooxaso? + (-200,350 (108.79? | 


= 3.8310" ) mm* Ans, 


4 
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•°10-49. Determine the moment of inertia Iy of the 
section. The origin of coordinates is at the centroid C. 




















Moment of Inertia : The moment of inertia about the x’ axis for each segment can be determined 
using the parallel — axis theorem J. = Ñ. +A. 


Segment A; (mm?) (d, ), (mm) (i,-), (mm) (Ad?) (mm‘) (I), (mm‘) 
l 200(20) 110 {r (20)(200°)  48.4(10°) 61.733(10*) 
2 640(20) 0 fy (640) (20°) 0 0.427( 10°) 
3 200(20) 110 pr (20) (2007) 48.4( 10°) 


L. = E(I,-), = 123.89( 10°) mm* = 124( 10°) mm“ 


10-50. Determine the moment of inertia J ï of the section. 
The origin of coordinates is at the centroid C. 




















Moment of Inertia : The moment of inertia about the y “ axis for each segment can be determined 
using the parallel — axis theorem J. = Í. +Ad’. 


Segment A; (mm?) (d,); (mm) (5.), (mm) (Ad?), (mm‘) (/,-), (mm*) 
200(20) 310 4,.(200) (20°) 38A(10%)  384.53(10) 
640(20) 0 ty (20) (640°) 0 436.91(10*) 
200(20) 310 fr (200)(20°)  384.4(10*)  384.53(10*) 


L- =2(J-), = 1.206( 10) mm‘ = 1.21( 10°) mm Zomm>| Ie 
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10-51. Determine the beam’s moment of inertia J, about 
the centroidal x axis. 








Composite Parts: The composite cross - sectioned area of the beam can be subdivided into three segments as shown in Fig. a. 
The locations of the centroid for each segment is also indicated. 


Moment of Inertia: Since the centroid of each segment is located about the x axis then 
l 3 l l 3 
I, = —(15)(100° )+ —(15)(100° )+—(170)(10 
eS AAT en aT ne 


= 2.5110°)mm* Ans. 


@ @ | 
Cy C 4 50mm 


3 HH} x. 
dmc’ os 20mm 
(5mm — F 1 k—i5mm 


Smm| Bamm 


(2) 
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*10-52. Determine the beam’s moment of inertia J y about 
the centroidal y axis. 








Composite Parts: The composite area can be subdivided into three segments as shown in Fig. a. The perpendicular distance 
measured from the centroid of each segment to the y axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. 
Thus, 
ly = Ty +A(d,)? 
l 3 Dio T Eorna 2 l 3 , 2 
= 79S LOOXI5 )+ 100(15)( 92.5)" | + 73 LOOKS )+ 100(15)(92.5)* | + 79 LOX 170° )+ 170(10)(0) 
= 29,%10°) mm* Ans. 


ki 


Gz. FMM | F25 mm 
@ 


F 


Cas Í lomm C, j | JO MM 


[Emm] k—/5mm 


85mm| 85mm 
Ca) 
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e10-53. Locate the centroid y of the channel’s cross- 
sectional area, then determine the moment of inertia of the 
area about the centroidal x’ axis. 








Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Figs.a and b. 


Centroid: The perpendicular distances measured from the centroid of each type of segment to the.x axis are also indicated in Fig. a. 


Thus, 
j= aA 6.25 14(0.5)) + (3X2 60.5) _ S175 _ 475in TPA 


14(.0.5) + (2)(6)( 0.5) 13 


Moment of Inertia: The moment of inertia of each segment about the x’ axis can be determined using the parallel - axis theorem. 
The perpendicular distance measured from the centroid of each type of segment to the.x’ axis is indicated in Fig. b. 


I! = Ty + Aldy} 
= Ex 140.57) + 14(0.5) Ls |+| {0516 }s 26640.5K1.75) | 


= 15,896 + 36.375 = 52.3 in? Ans. 
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10-54. Determine the moment of inertia of the area of the 
channel about the y axis. 








Composite Parts: The composite cross - sectional area of the beam can be subdivided into two segments as shown in Fig. a. Here, 
segment (2) is a hole, and so it contributes a negative moment of inertia. 


Moment of Inertia: Since the x axis passes through the centroid of both rectangular segments, 
I, = ( Ix); + (7, )o 


l 3 l 3 
= —(6.5)(147 )-—(6)(13 
TA (147 ) TA )\(137) 


= 388 inf Ans. 
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10-55. Determine the moment of inertia of the cross- 
sectional area about the x axis. 


180 mm 











Composite Parts: The composite cross - sectional area of the beam can be subdivided into two segments as shown in Fig. a. Here, 
segment (2) is a hole, and so it contributes a negative moment of inertia. 


Moment of Inertia: Since the x axis passes through the centroid of both rectangular segments, 
I, = ( Ix); T (1, )o 


l 3 l 3 
= 100)(200~) — —-(90)(180 
Th X( ) Th X ) 


= 22.X10f) mm* Ans. 





(A) 
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*10-56. Locate the centroid x of the beam’s cross- 
sectional area, and then determine the moment of inertia of 
the area about the centroidal y’ axis. 


180 mm 





—_Y_ 
A 











Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. 


Centroid: The perpendicular distance measured from the centroid of each type of segment to they axis is also indicated in Fig. a. 
Thus, 


-XA _ 95(10(180))+50(2(100 10)) _ 271(10°) _ 
*= 3A _10(180)+2(100\10) 3A ) _ iai 


Moment of Inertia: The moment of inertia of each segment about the y’ axis can be determined using the parallel - axis theorem. 
The perpendicular distance measured from the centroid of each type of segment to the y’ axis is indicated in Fig. b. 


m 2 
ly = ly’ + A(d,") 


” |=3080x10°)+ 1010 23.68)7] + [2 7700x 100° ) +21001021327 | 


= 3.60(10°) mm“ Ans. 


K 
Jomm C, 
Omm 
F 
lOmm 
[00 mm 
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e10-57. Determine the moment of inertia of the beam’s 
cross-sectional area about the x axis. 





Composite Parts: The composite area can be subdivided into segments as shown in Fig.a. The perpendicular distance measured 
from the centroid of each segment to the x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. 
Thus, 
I, =y +A(dy)? 


I, 
d 


(75 2002)+ ansaa |+ fd azao )+ saaa? |+ d 512,050) 21231500? | 
= 114,62(10° )mm* =115(10f)mm* 


Ans. 
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10-58. Determine the moment of inertia of the beam’s 
cross-sectional area about the y axis. 





Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. The 
perpendicular distance from the centroid of each segment to the x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. 
Thus, 


ly =] +A(d,)” 


I, 
[d #124226) }s X 226)(12)( 0)? Jlo 12° ) +4(100\(12X1 9 eld 150)(12" + x150x12X130? | 


= 152.94(10°) mm* = 15X10% )mm“ Ans. 


ll 


$ 


2mm //2mm //2mm k—/2mm 


Li2mm 
C “Se 
i] le 
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10-59. Determine the moment of inertia of the beam’s 
cross-sectional area with respect to the x’ axis passing 
through the centroid C of the cross section. y = 104.3 mm. 








Moment of Inertia : The moment of inertia about the x’ axis for each segment can be determined using 
the parallel ~ axis theorem 4. = [,.+Ad?. 


Segment A; (mm?) (d,) (mm) (i,.),(mm*) (Ad}),(mm*) (I), (mm*) 
l z{17.5?) 113.2 #(17.5*) 12.329(10°) = 12.402(10*) 
2 15( 150) 20.7 ir (15)(150°)  0.964(10*) §.183( 10°) 
3 (25*) 79.3 7(25*) 12.347( 10°) 12.654( 10°) 


I = Z(i,.), = 30.24( 10°) mm‘ = 30.2( 10°) mm* Ans 


*10-60. Determine the product of inertia of the parabolic 
area with respect to the x and y axes. 








Due to symmetry about y axis 


ly 20 Ans 
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°10—61. Determine the product of inertia /,,, of the right 
half of the parabolic area in Prob. 10—60, bounded by the 


lines y = 2 in. and x = 0. 
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10-62. Determine the product of inertia of the quarter 
elliptical area with respect to the x and y axes. 











Differential Element: The area of the differenial element parallel to the y axis shown shaded in Fig. a is dA = y dx. Here, 
y= ba? _ x? . Thus, dA = 2da? — x? dx.The coordinates of the centroid of this element are x, = xand y, = S = > E 


Thus, the product of inertia of this element with respect to the x and y axes is 
dl yy = dly'y' + dAxcYe 


=0+(2 2.52 ts xf Pe? — 2 | 
a 2a 
2 


2 3 
zla X- x ) dx 


Product of Inertia: Performing the integration, 





a p2 2 2 4 242 
ly = | dy = | —,(a2x-x3) ae = hadi acc =£ b Ans, 
7 0 2a? 2a? \ 2 4} 8 





976 








10 Solutions 44918 1/28/09 4:22 PM Page 977 D 
© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10-63. Determine the product of inertia for the area with 
respect to the x and y axes. 








8 in. 





=x 
NE 
?7=3 
dA = y dx 
xy? 
4, = J dk, 
Lfe sy 
= = x dr 
20 
1 3 ran 
= 9h 
= 48 in’ Ans 
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*10-64. Determine the product of inertia of the area with 
respect to the x and y axes. 








Differential Element: The area of the differential element parallel to they axis shown shaded in Fig. ais 


dA =y dt =40- 8) dr = [= 2 dx. The coordinates of the centroid of this element arex = x and y = -2 = -{=- | 


Thus, the product of inertia of this element with respect to the x and y axes is 
dl xy = dl,’y’ + dAxy 


(ela fe] 
{-$-% Sle 


Product of Inertia: Performing the integration, 


4 in. 34 x4 x* p ° in. 4 
af 5-2 = | es ce H ‘n = -46.9 in Ans. 
y=] y=], z 
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e10-65. Determine the product of inertia of the area with 
respect to the x and y axes. 






8y = xX? + 2x? + 4x 











Differential Element: The area of the differential element parallel to the y axis shown shaded in Fig. a is 
dA = y de = 2(x° +2x? +4x) dx. The coordinates of the centroid of this element are # = x and j = È 
Thus, the product of inertia of this element with respect to the x and y axes is 
I xy = dly'y' + dAxy 
_ 1,3 2 1,3 2 
= 0+ ri +2x° + Ax) de \(x Te" +2x° +4x) 


or + 2x2 + 4x)?x de 
Product of Inertia: Performing the integration, 


4 in. 
= | dl xy =f hie? 4.416 4 19.05 + lett k 
o 128 


8 T 6 5 4 in. 
“als Ax I2x 16x , lox | =3.]2 mí 
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10-66. Determine the product of inertia for the area with 
respect to the x and y axes. 
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10-67. Determine the product of inertia for the area with 
respect to the x and y axes. 











The product of inertia of the element (shaded) is 





=0+(6-2(4)(2+°=)o) = 5 (7-2) ydy Where 2i 
_ lf, b 1 
= [Hs m Je 


Integrating 


_ t ay- ) 
[dy = bey = = IG a D 


Gra"), 


= 3 BH Ans 


16 
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*10-68. Determine the product of inertia for the area of 
the ellipse with respect to the x and y axes. 


J 290A = [Ea ax 
A 0 


l sa 
ah yea 





lr4 l 3 
54, 3016 -x°)x dx 








ifade = x°) de 
Bo 


8x° - x] 
4 





e10-69. Determine the product of inertia for the parabolic y 
area with respect to the x and y axes. 

















- 4 in. >| 





= 

il 

[=] 

+ 
po > 
AL 
t De 
— 

ĝ- 


4 å | 
3l edz =z = 10.6667 = 10.7 inf Ans 
2 0 6 lo 
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10-70. Determine the product of inertia of the composite y 
area with respect to the x and y axes. 


2 in.——— 2 in— 














Composite Parts: The composite area can be subdivided into two segments as shown in Fig. a. Since segment (2) is a hole, it 


should be considered a negative area. The perpendicular distances measured from the centroid of each segment to the.x and y axes 
are also indicated. 


Product of Inertia: Since the centroidal axes are the axes of symmetry for both segments, then (7 x’y’ ), = (Fy) 37 0. The product of 
inertia of each segment with respect to the x and y axes can be determined using the parallel - axis theorem. 
Ixy =(1x'y’), + Ad xdy = Ad xdy 


= 4(4)(2\(2) + (-(1.52)2\(2) = 64+ (9x2) = 35.7 inf 
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10-71. Determine the product of inertia of the cross- 
sectional area with respect to the x and y axes that have 
their origin located at the centroid C. 

















Product of Inertia : The area for each segment, its centroid and product of 
inertia with respect to x and y axes are tabulated below. 


Segment A,(in?) (d,),(in.) (d,),(in.) (L, ), (int) 
3(1) 2 3 18.0 


2 7(1) 0 0 0 
3 3(1) -3 18.0 


*10-72. Determine the product of inertia for the beam’s 
cross-sectional area with respect to the x and y axes that 
have their origin located at the centroid C. 








Ly = 25(5)(10)(-15) + 50(5)(-5)(7.5) =-28.1(10°) mm* Ans 
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e10-73. Determine the product of inertia of the beam’s 
cross-sectional area with respect to the x and y axes. 











Composite Parts: The composite cross - sectional area of the beam can be subdivided into three segments 
The perpendicular distances measured from the centroid of each element to thex and yaxes are also indicated. 


Product of Inertia: Since the centroidal axes are the axes of all the segments are the axes of symmetry, then l yy’ = 0. Thus, 
the product of inertia of each segment with respect to thex and y axes can be determined using the parallel - axis theorem. 
ly =Iy'y’ + Add, = Adyd, 
= 90(10)(55\(295)+300(10)(5)(150)+ 90(10)(55\(5)= Ely = 17.1(10°) mm“ 


10-74. Determine the product of inertia for the beam’s 
cross-sectional area with respect to the x and y axes that 
have their origin located at the centroid C. 


Tey = 5(1)(5.5)(—2) + 5(1)(—5.5) (2) 





=~110in' Ans 
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10-75. Locate the centroid x of the beam’s cross-sectional 
area and then determine the moments of inertia and the 
product of inertia of this area with respect to the u and 
v axes. The axes have their origin at the centroid C. 








Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left of the beam's 
cross - sectional area leads to 


poem a ee T Ans. 


2(175)(20 ) + 360(20) 
Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes with the parallel - axis theorem gives 
I= 5 (175)(20°)4 7520X190)? + F O36) 


= 330.6% 10° ) mm* 
ly = (20,175) 20(175)(39.307 |+ zeo )+360(20X38.20?) | 


= 39.4%10°) mm* 
Since the cross - sectional area is symmetrical about the x axis, J, = 0. 


Moment and Product of Inertia with Respect to the u and v Axes: With @ = -—60°, 
+h, L-i 
Iu = = + > 00820 -Iy sin26 
2 2 
ee = coa(—120°)— Oni 120°) 00°) 
= 112.25(10°) mm* = 112(10°) mm* Ans. 


Lth, l-l 
: = 0828 +y sin 20 


_ [Oe OO RD coal 120°) + Osin(-120°) (10°) 


= 257.88 10°) mm* = 258(10°) mm“ Ans. 


I-i 
liy = = sin26 + Iry 00828 


; jee 32.42 cin -120°) + Ocos(—120° 08) 
= -126.12(10°) mm* = -126(10° ) mm“ Ans. 
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*10-76. Locate the centroid (x, y) of the beam’s cross- 
sectional area, and then determine the product of inertia of 
this area with respect to the centroidal x’ and y’ axes. 











Composite Parts: The composite cross - sectional area of the beam can be subdivided into three segments as shown in Figs.a and b. 


Centroid: The perpendicular distances measured from the centroid of each segment to the xand yaxes are indicated in Fig. a. 


En e i an! Mes e aaea il! J = 45.52 mm =45.5mm Ans. 
IA 90(10) + 300(10)+ 190(10) 5.8(10° ) 
| 3 
z= IA _ 295(90(10)) + 150(300(10)) + 5{ 190(10)) _ 725(10 Bee 125mm Ans. 
ZA 90(10)+300(10)+ 19010) 5.8(10° ) 


Product of Inertia: Since the centroidal axes are the axes of all the segments are the axes of symmetry, then I x'y’ = 0. Thus, the 
product of inertia of each segment with respect to the x and y’ axes can be determined using the parallel - axis theorem. The 
perpendicular distances measured from the centroid of each segment to the.x’ and y” axes are indicated in Fig. b. 

Iry = yy + Addy: = Adx’dy’ 


= 90( 10 9.483\ 170) + 300(10\(-40.52)( 25) + 190(10\ 59.48)(-120) = EI,’y' =-15.1(10°)mm* Ans. 


%=45-52mm 





a= 
a2 


IH 9-483 





245mm 


N 
te Aa 
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e10-77. Determine the product of inertia of the beam’s 
cross-sectional area with respect to the centroidal x and 
y axes. 






100 mm 





10 mm 














100 mm | vo 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into three segments as shown in Fig. a. 
The perpendicular distances measured from the centroid of each segment to the xand y axes are also indicated. 


Product of Inertia: The product of inertia of segment (2) is equal to zero, (7 x yr) Rs 0 since the x and y axes are axes of symmetry. 


Also, the centroidal axes of segments (1) and (3) are axes of symmetry. Thus, ( 77y”) i= (1y) 5 0. Using the parallel - axis 
theorem,the product of inertia of the two segments can be determined from 
Izy =Tptyt + Ad ydy = Adydy 
= 90(10)(-50)( 145) + 90(10 (50-145) = -13.05106 ) mm* Ans. 
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10-78. Determine the moments of inertia and the product 
of inertia of the beam’s cross-sectional area with respect to 
the u and v axes. 











Moment and Product of Inertia with Respect to the x and y Axes: Since the rectangular beam cross - sectional area is 
symmetrical about thex and yaxes, J} = 0. 


_!l ee l 3 4 
Ix = G36") = 54 in ly = (O(3" )= 13.5 in 


Moment and Product of Inertia with Respect to the u and v Axes: With 0 = 30°, 











T,+] I-I 
e+ = cos20 — J, sin26 
m 54+ 13.5 54- 13.5 cos60° — Osin 60° 
2 2 
= 43.9 inf Ans. 
I,t+l i,-TI 
y= = Fat a 5 = 00820 + I yy sin26 
_ 544135 _ 54-135 cre gai ene 
2 2 
= 23.6 in* Ans. 
I-l 
Lw = sin26 + ley cos 20 
= 242135 i160? + 0008 60° 
=17.5in* Ans. 
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10-79. Locate the centroid y of the beam’s cross-sectional 
area and then determine the moments of inertia and the 
product of inertia of this area with respect to the u and 
V axes. 























Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
7 A 12.25(10)(0.5) + 2}10(4)(0.5)) + @12)(1) 


, = 8.25 in. Ans. 
10(0.5) + 2(4)(0.5) + 1X1) 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


I, = [5000.54 10(0.5X4? |+ 405 (49 )+0.5(4)(1 75) | +| Sax 12°) + 10292225) | 
= 302,44 in* 
es 3 1 3 2], 1 3 

ly = (0.510 j+ Fanos )+ 4(0.5)(0.75) I = (12)(1") 
= 45 in’ 


Since the cross - sectional area is symmetrical about the y axis, I, = 0. 


Moment and Product of Inertia with Respect to the u and v Axes: With 0 = 60°, 
+ l-i 








ee 
ly = — + 00826 -lyy sin 20 

= SR 05 120° - Osin 120° 

= 109.36 inf = 109 inf Ans. 

IL+i, I=] 
y =a - 0528 + Iy sin 20 
2 2 
= OS 005 120° + sin 120° 
= 238.08 inf = 238 inf Ans. 
ly nly 

Ly = 5 sin20 + I, cos 26 

= B02 AA O on 120° +0co8 120° 

= 111.47in* =111 in* Ans. 
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[2in. 
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*10-80. Locate the centroid x and y of the cross-sectional y 
area and then determine the orientation of the principal 
axes, which have their origin at the centroid C of the area. 
Also, find the principal moments of inertia. 











Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left and bottom of the 
beams cross - sectional area are indicated in Fig. a. Thus, 
zc XxA _ 0.25(6)(0.5)+ 3.25 5.50.5) 


= — I es = 1.655 in. = 1.68 in. Ans. 
EA 6(0.5)+ 5.40.5) 
j= SyA _ 3(6)(0.5)+ 0.25(5.5)( 0.5) = 1.685in. = 1.68in rom 





A 6(0.5)+ 5.40.5) 
Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. 
I, = [ge 0.5° )+5.5(0.5X1.435 a) 4 i (0.5X67)+ 0.4 6X13 15%] 
=19.908 in* 
ly = [700S )+6(0.5X 14357) + ne 5.5°)+ 0. 5.5K 1 565?)| 


= 19,908 in* 
Ixy = 6(0.5) 1.435 1.315) + 5.5(0.5\(1.565)(-1.435) 
= -11.837 inf 





2 2 
= 19,908 + 11.837 
Imax =31.7in* Imin =8.07in* Ans. 


_ 19.908 + 19.908 r Gar 19.908 


2 
+(-11.837)" 


Orientation of Principal Axes: 


=f f 
rpa CULB) 


ae.) m 
P (lp-ly)/2 (19.08— 19.08)/ 2 
29 „ = 90°and —90° 
6, =45° and -45° Ans. 
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Substituting 0 =0, = 45° 


I,+ly i-i 
Ly = + 5 00820 -Ixy sin 28 





_ | 122084 2208), 19208- se 90° — (-11.837) sin90° 
=31.7 inf = I pax 


This shows that / max corresponds to the principal axis orientated at 
lna = 31.7 inf (0 ph =45° Aa 


and / min corresponds to the principal axis orientated at 
lmn =8.07in* (0p) = -45° Ans. 


The orientation of the principal axes is shown in Fig.c. 





1.¢35m 


|-435in 


1 3OS In, 
(A) (b) 
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e10-81. Determine the orientation of the principal axes, y 
which have their origin at centroid C of the beam’s cross- 
sectional area. Also, find the principal moments of inertia. 











D 


=l 00 N, mm 














Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from each subdivided 
segment to the x and y axes are indicated in Fig. a. Applying the parallel - axis theorem, 


i, = 2 0x 20° J+ 80(20X1407 )| + 7z 20X300 )= 107.8% 10° )mm* 
ly = 2 5 (20K80° J+ 20(80X50) | +5 (800x20°) = 9.90KX10Í) mm4 


Igy = 80(20)(-50\(140) + 80(20)(50)(—140) = -22.4(10°)mm* 


Principal Moment of Inertia: 
1 -Eth 
min 2 








_ | 107.88 +9.907 „ 
2 






107.83 — 9.907 


10° 
7 (10%) 


2 
) +(-224)}? 





= 58.867+ 53.841 
Imax = 112.71(10°) = 113(10° ) mm* 
Imin = 5.026106) = 5.08(10° ) mm* 


a 


Orientation of Principal Axes: 
—/ _ 
tn 20 pw cena AKIO) 
(i, -1y)/2  (107.83-9.907, 10°) /2 
20 p = 24.58° and — 155.42° 
Oy = 12.29° and Til? 


= 0.4575 


Substituting 9 = 6, = 12.29° 
j 2 
107.83+ 9.907 | ( 107.83— 9.907 
E 2 2 
= 112.71(10°) mmf = J max 


+ 








00826 — lyy sin 28 


Jes 24.58° — ( -22.4 )sin 24.58° 


This shows that / max corresponds to the principal axis orientated at 
Imax = 11% 10°) mm* (0,) = 12.3° Ans. 


and / nin corresponds to the principal axis orientated at 
Inin = 5.0% 10°) mm* (@,)2 =-77.7° Ans. 


The orientation of the principal axes are shown in Fig. b. 
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10-82. Locate the centroid y of the beam’s cross-sectional 
area and then determine the moments of inertia of this area 
and the product of inertia with respect to the u and v axes. 
The axes have their origin at the centroid C. 














Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam' s 
cross - sectional area are indicated in Fig. a. Thus, 


Hei _ 2[100(200 )(25)] + 12.(2.5)(100) _ = 825m rom 


X200X25) + 25100) 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


ha a (25X200? )+25(200K17.5)"| + |77000025 )+ 10012570)? | 


= 48.7&10f) mm* 
_y S S 3., 2) 1 3 
ly = 2 (200,025 ) +200(25)( 62.5) |+ = (25)( 100° 


= 41.6110) mm* 
Since the cross - sectional area is symmetrical about the y axis, J xy = 0. 


Moment and Product of Inertia with Respect to the u and v Axes: With 6 = —60°, 


I,+Iy I,-ly 
L,=—~+ —— _ 00529 — Ixy sin 20 
2 2 
= | 48.78 + 41.67 | | 48.78 — 41.67 cos(—120°)— Osin(—120°) 10°) 
2 2 
= 43.4(10°) mm* Ans. 
Leli l-l 
= —— - —— 20 + I sin 20 
2 2 
shar (EES oes 120°) + osin-120 {108 ) 
= 47.0 10°) mm* Ans. 
I,-I 





Ly = = 2 sin20 + I, cos 26 


E í 48.78— 41.67 
g 2 


= -3.08(106) mm4 ro 


) sine 120°) + Ocos(—120°) 
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29mm 


loomm 





(6) 
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10-83. Solve Prob. 10-75 using Mohr’s circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
EvA — 2/(87.5) 175\(20)| + 10(360)( 20) 


A 2(175\20) + 360(20) = 48.204 mm = 48.2 mm Ans, 


i= 
Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 
I, = d 77 (175K20°)+ 175(20x190)? |+ = C360) 
= 330.6X10É ) mm“ 
ly = 2 (20x175%)+ 20(175)(39.307 || 200K 20° )+360(20{38.207) 


= 39.4% 10° ) mm“ 
Since the cross - sectional area is symmetrical about the x axis, J, = 0. 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 


i, +10 
ave 9 9 | 


The coordinates of the reference point A are [330.69, OK10f) mm”. The circle can be constructed as shown in Fig. c. The radius of 
the circle is 
R =CA =(330.69- 185.06X10)= 145.6410) mm4 


Moment and Product of Inertia with Respect to the u and v Axes: By referring to the geometry of the circle, 


I, = (185.06 — 145.64c0s 60°(10°) = 112(10°) mm“ Ans. 
I, =(185.06 + 145.6408 60°X10f ) = 258(10°) mm* Ans. 
Ly = (-145.64 sin60° (10°) = -126(10°) mm* Ans, 








onn! smn 





(2) 
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*10-84. Solve Prob. 10-78 using Mohr’s circle. 


Moment and Product of Inertia with Respect to the x and y Axes: Since the rectangular beam cross - sectional area is 
symmetrical about thex and yaxes, Iy, = 0. 


a ee _! = gana 
Iy = 3X6" )= 54 in ly = = (6X3 )= 13.5 in 
Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 
_Tytly  54+13.5 


vg => => = 33.75 in* 


The coordinates of the reference point A are (54, 0) in* . The circle can be constructed as shown in Fig. a. The radius of the circle is 
R =CA = 54-33.75 = 20.25 inf 


Moment and Product of Inertia with Respect to the u and v Axes: By referring to the geometry of the circle, 


l; = 33.75+ 20.2500s60° = 43.9 in* Ans. 
1, = 33.75— 20.25c0s60° = 23.6 inf Ans. 
ly = 20.25sin 60° = 17.5in4 Ans. 


Tuy Cint) 
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e10-85. Solve Prob. 10-79 using Mohr’s circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
- SHA _ 12.25(100.5)+ 4104) 0.5)] + (121) 
7= TA 100.5) + 2(4 0.5) + 121) 


= 8.25 in. Ans. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


I, = | nx 0.59) + 100.5x4? | + 1203 ya’ )+ 0.541.757 | +] EK 127 )+ 112 x225 | 
= 302.44 in* 
eu. 3 2% 3 a ee 

ly = 77 (0.5X10 +d 5 (4X0.5°)+ 4(0.5X0.75) je s21") 


= 45in* 
Since the cross - sectional area is symmetrical about the y axis, J, = 0. 
Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 


Iyt+l, 302.444+45 _4 
lave — =. = 173.72 in 


The coordinates of the reference point A are (302.44, 0) in“. The circle can be constructed as shown in Fig.c. The radius of the 
circle is 


R =CA =(302.44 - 173.72) = 128.72 inf 


Moment and Product of Inertia with Respect to the u and v Axes: By referring to the geometry of the circle, 


lu = 173.72 — 128.72.c0s60° = 109 in* Ans. 
I, = 173.72 + 128.72.c0s 60° = 238 in* Ans. 
I = 128.72 sin 60° =111 inf Ans. 
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10-86. Solve Prob. 10-80 using Mohr’s circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left and bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 


z= GAO 05) + 32A5 30S) .. 1.685 in. = 1.68 in. 


Ams, 
6(0.5)+ 5.4 0.5) 





= 1.685 in. = 1.68 in Ans. 


EA 6(0.5)+ 5 40.5) 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. 


I, = [560s j+ 5.(0.5K1.435?)| + Z0 0.5 sx1.3153| 
= 19,908 inf 

= ES 0.5 )+ 6(0.541.435%)] + Fre 5.59) + 0.4 5.51.5653) | 
= 19.908 in* 

lyy = 60.5 1.435 1.315) + 5.5(0.5\1.565)(-1.435) 
= -11.837 in“ 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 


_latly _ 19.908 + 19.908 4 


love = = 19,908 in* 
= 2 2 


The coordinates of the reference point A are (19.908, —11,837)in*. The circle can be constructed as shown in Fig.c. The radius of 
the circle is 
R =CA =11.837in* 


Principal Moment of Inertia: By referring to the geometry of the circle, 
Imax = 19.908 + 11.837 =31.7 in® Ans. 
Imin = 19,908 - 11.837 = 8.07 in* Ans. 


Orientation of Principal Axes: Here (9 p) and (8 p )2 are the orientation of the principal axes about which / may and Imin Occur, 
respectively. By observing the geometry of the circle, 

Xê ph = 90° (6, h = 45° (counterclockwise) Ans. 

20 pz = 90° (8p )2 = 45° (clockwise) Ans. 


Tuy lin?) 






1.4¢35m 


pausing (TY PR 
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10-87. Solve Prob. 10-81 using Mohr’s circle. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from each subdivided 
segment to the x and y axes are indicated in Fig. a. Applying the parallel - axis theorem, 


pü [7O j+ 80(20x140) |+ = 20300 )= 107.8X10°)mm4 
ly = d 75 20x80" )+20(80\ 507 )} +5 800X20°) = 9.907% 10°) mm4 
Izy = 80(20X-50X140) + 80(20)( 50-140) = -22.4(10°) mm4 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance of 


I, +1 107.83+9. 
lays = -= i = (72T) 108) = 58867108) mm4 





The coordinates of the reference point A are (107.83, — 22.4) mm“. The circle can be constructed as shown in Fig. b. The radius of 
the circle is 


R=CA -( {107.83- 58.867) +(—22.4)? Jaos = 53.84(10 É) mm4 


Principal Moment of Inertia: By referring to the geometry of the circle, we obtain 
Imax =(53.84 +53.84)(10°) = 112.70(10° )= 113(10°)mm* Ans. 
Imin = (53.84 - 53.84)(10°) = 5.026(10° ) = 5.05 10° ) mm Ans. 


Orientation of Principal Axes: Here (0 p); and (6, )2 are the orientation of the principle axes about which / max and / min Occur. 
From the geometry of the circle, 
22.4 


mn 200 ot = T0783 — 58.867 
2(0 p) = 24.58° 
(8 p) = 12.29° = 12.3° (counterclockwise) Ans. 
Thus, 
2(0 p )2 = 180° - X9 p), = 155.42° 
(0 p )2 = 77.7° (clockwise) Ans. 
The orientation of the principle axes are shown in Fig. c. Tav (0% mnt 
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*10-88. Solve Prob. 10-82 using Mohr’s circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 


5 = BA _ [100200 25)] + 12.5(2.5,100) 
rate 


200X 25)4 25(1 00) = $2.5 mm Ans. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


I = A © (25,200" )+25(200417.5)"| + (1001.25) + 100(25) 70) 
= 48.78 10°) mm* . 

ly = A 5 (200425 )+ 200(25, 62.5)? | +1 (254 100°) 
= 41.64 10° ) mm“ 


Since the cross - sectional area is symmetrical about the y axis, lyy = (). 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 


hth | | 
lavg = -( BBA 008)mm4 = 45.22(10°) mm“ 


The coordinates of the reference point A are [48.78, 010°) mm? .The circle can be constructed as shown in Fig. a. The radius of 
the circle is 
R =CA =(48.78- 45.22)(10° ) = 3.56 10° ) mm* 


Moment and Product of Inertia with Respect to the u and v Axes: By referring to the geometry of the circle, 


Iy =(45.22- 3.56008 60°) 10° ) = 43.4(10°) mm* Ans. 

, = (45.224 3.56008 60° (10°) = 47.0(10° ) mm* Ans. 

Ly = -3.56sin 60° = -3.08(10°) mm“ Ans. 
Tuy Co Mmt 
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e10-89. Determine the mass moment of inertia Z, of the 
cone formed by revolving the shaded area around the z axis. 
The density of the material is p. Express the result in terms 
of the mass m of the cone. 











Differential Element: The mass of the disk element shown shaded in Fig. ais dm = pdV = par7dc, Here, r= y =r, =e 
h 
2 
Thus, an = pr ro -“2:] dz. The mass moment of inertia of this element about the = axis is d , = dm? =s(pw acy? 
l i, f 
- pm*d:= pr v- 1) d. 


1 
2 h 


Mass: The mass of the cone can be determined by integrating an. Thus, 
h 4 
m=f dm =f pa{ 5) dz 
ü A 

l F, > h ý l 2 

= =| p, ==- | | == =—prr.“h 

pr afro h :) | E) zro 
0 


Mass Moment of Inertia: Integrating d», 


ay rn Y 
=f d., = Ta -ž2:) dz 
E Jon L A 





From the result of the mass, we obtain prer, h = 3m. Thus, J, can be written as 


l l 3 
h= a C = geo = TA Ans. 
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10-90. Determine the mass moment of inertia Z, of the 
right circular cone and express the result in terms of the 
total mass m of the cone. The cone has a constant density p. 




















Differential Disk Element : The mass of the differential disk element is dm 
r 
= pdV = pry’ dx = pal = \ae The mass moment of inertia of this element 


: _1, 4, 1 rs r.)_ pr, 
is di, = samy = org je )- pT” dx. 


Total Mass : Performing the integration, we have 


. r 3 _ pre x ' l 3 
mol ane a a cao om 





Mass Momeni of Inertia : Performing the integration, we have 


h À 
_ _ (prt ,, prf 
I, = J dl, = > ae - (5) 


I 4 
=—parh 
> 10° 








The mass moment of inertia expressed in terms of the total mass is 


L= ljomar) = =n Ans 
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10-91. Determine the mass moment of inertia J, of the 
slender rod. The rod is made of material having a variable 
density p = po(1 + x/1), where po is constant. The cross- 
sectional area of the rod is A. Express the result in terms of 
the mass m of the rod. 





Differential Element: The mass of the differential element shown shaded in Fig. ais dn = pdV = po +2 adr = pol 142 |, 


where dA is the cross - sectional area of the rod. The mass moment of inertia of this element about the z axis is d! , = r7dm.Here, r = x 


3 
aaiae a 


Mass: The mass of the rod can be determined by integrating dn. Thus, 


l 2 
m =| dn -poala = 5 poAl 


Mass Moment of Inertia: Integrating d/,, 


7 72 7 
z =g PoAd) (Em 1s i 
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*10-92. Determine the mass moment of inertia J, of the 
solid formed by revolving the shaded area around the y 
axis. The density of the material is p. Express the result in 
terms of the mass m of the solid. 

















2 


Differential Element: The mass of the disk element shown shaded in Fig. ais dn = pdV = prr” dy.Here, r=r=—y’. 


àj- 


2 
Thus, dn = px $3) dy = Æ y4dy.The mass moment of inertia of this element about the y axis is dl, = Jám? 
(pm2dy)r? = Lpmtdy = Lpr] 1y? a = PE y8dy 
2 2 (4 512 ~ 


Mass: The mass of the solid can be determined by integrating dn. Thus, 


2m 


qo 512 
2m 
= x L ai 
512| 9 9 
0 


From the result of the mass, we obtain mp = =. Thus, 7y can be written as 


1{ 5m 5 
fo — | 5 — Ans. 
) 3( 2 is 
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e10-93. The paraboloid is formed by revolving the shaded 
area around the x axis. Determine the radius of gyration k,. 
The density of the material is p = 5 Mg/m”. 











Differential Disk Element : The mass of the differential disk element is dm 
=pdV= pry’ dx = pr(50xr) dx. The mass moment of inertia of this element 


is dl, = dm? = = (px(50s) d) (50x) = = 2500x") dr. 


Total Mass : Performing the integration, we have 
200mm 200mm 
m=Í dm= | pr(50x) dx = px( 25°) | = 1( 10°) px 
“m 0 0 
Mass Moment of Inertia : Performing the integration, we have 
200mm ot l 
= Jai, =f = (2500x?) dr 


pr 7500r? 200m 
a 3 j 


= 3.333( 10°) px 


The radius of gyration is 


7  [3.333(10)px 
VV 0% pn -n = 
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10-94. Determine the mass moment of inertia J, of the 
solid formed by revolving the shaded area around the y axis. 
The density of the material is p. Express the result in terms 
of the mass m of the semi-ellipsoid. 











2 
Differential Element: The mass of the disk element shown shaded in Fig. ais dn = pdV = pnr?dy.Here, r === 1425. 
a 


2 
2 K 2 TE 
Thus, dn = pr b 1+ d= = prb 1-4 . The mass moment of inertia of this element about the y axis is d'y = > dmr* 
a a 


SPPE FEE. IU LAE TOES, 5 ao or oe y* _2y? 
= 5pm dy)r at sal dy=sp b ai=) dy = 5P% ar dy = z Prb epr 
Mass: The mass of the semi - ellipsoid can be determined by integrating dn . Thus, 

a r 3 x 2 
m=| dn = | ph} 1-2 |dy = pb?) y-2—] == prab? 
0 a? 3a? 3 
0 
Mass Moment of Inertia: Integrating d ,, 
aj y4 2y? 
h=] d=] =pro |l+—-— 
7 J 7 J, sn at a? 
= 5 px yrs] Sp 
Saf 3a 15 
0 
From the result of the mass, we obtain prab? ==. Thus, ly can be written as 
4 2\,2_ 4/3m),2_2 2 
ly A jb 4 (32) 5 
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10-95. The frustum is formed by rotating the shaded area 
around the x axis. Determine the moment of inertia J, and 
express the result in terms of the total mass m of the 
frustum. The material has a constant density p. 










dm = pdV = pry dx = px(52 + 2h r+ b)de 

dl, = ;dmy" = tpny‘dr 

di, = $pn(Srx4 + Soe + St + Sin bt dx 

L = fdh = spn (Sx + te + St + eet bt )dx 
= H prab" 


m={ dm = prf (2+ Witt b )dr= peal? 


L = fmb Ans 
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*10-96. The solid is formed by revolving the shaded area 
around the y axis. Determine the radius of gyration k,. The 
specific weight of the material is y = 380 lb/ft’. 














The moment of inertia of the solid : The mass of the disk element 


dm = pr? dy = f-pry*dy. 
a =5 
= 5 (pmedy) 2 
wd om dy = my dy 
2 29) 
5 = 4h = spa yay 

= 29.3629 

The mass of the solid : 


1 
m=J,,dm=—pr Ý ay= 12.118p 


= TEELE | 
b= fh 12.1189 1.36 in, na 
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e10-97. Determine the mass moment of inertia /, of the 
solid formed by revolving the shaded area around the z axis. 
The density of the material is p = 7.85 Mg/m°. 








Differential Element: The mass of the disk element shown shaded in Fig. a is dn = pdV = prr’ dy. The mass moment 


of inertia of this element about the= axis is d, = = dr? = = (pnr?dz)r? = =P ms de Here, r= z = 


l z? pr g 
Thus, d , = =p —|=——= d. 
cia TE Tt hi 


Mass Moment of Inertia: Integrating d/., 
4m 
I af d.=|\ Et 


o 8192 
4m 
REIS s2 
8192| 9 9 


Substituting p = 7.85(107 ) kg / minto /., 
I, = = np{7.85010°)]= 87.7(10°) kg-m? Ans. 
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10-98. Determine the mass moment of inertia Z, of the 
solid formed by revolving the shaded area around the z axis. 
The solid is made of a homogeneous material that weighs 
400 Ib. 





Differential Element: The mass of the disk element shown shaded in Fig. a is dm (zw = (Z ac. tere r=ay=273 


2 
Thus, dn =( £ J(-2'3) «(4 4/3 dz The mass moment of inertia of this element about the = axis is d'y = = dmr ? 


valle)? O a O HOY «= SEs Fe 


Mass: The mass of the solid can be determined by integrating dn. Thus, 


8 ft ft 
ny[3 384r 
m=f am={ Leta = 822.78 =... 
o g g\7 7g 


The mass of the solid is m = slug. Thus, 
400 _ 384n 
gs B 





Y y = 2321 lb/ft? 
Mass Moment of Inertia: Integrating d ,, 


ft 
=| dl =f s(t prea (tf aoe MAE À 
3 -e “ate 2\ efi g 


Substituting y = 2.3211b/ ft? and g = 32.2ft /s* into /., 


I = SAID = 63.2 slug f? Ans. 





a) 
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10-99. Determine the mass moment of inertia J, of the 
solid formed by revolving the shaded area around the y axis. 
The total mass of the solid is 1500 kg. 








Differential Element: The mass of the disk element shown shaded in Fig. a is dm = pdV = prr?dy Here, r=z= ~ y? 2, 


2 
Thus, dn = pal 2 y?! 2) dy = E y3dy.The mass moment of inertia of this element about the y axis is d'y = dmr? 
4 
l 2 2_pr 4 pr{l 3/2 pr 6 
z=- mr = = m =- è 
zlom’ a)r? = EE rty = EE ay | ty Eyy 
Mass: The mass of the solid can be determined by integrating dn. Thus, 
m 
4m 4 
pr 3 pri y 
= dm = a = —| =— =4 
a J o 16 ae | 4 "p 
The mass of the solid is m = 1500 kg. Thus, 
1500 = 4mp p wae kg/m? 
1 
Mass Moment of Inertia: Integrating d/ y 
m 
4m 7 
pr 6 prj y- 327 
L=| d,= — -— ae 
y J y=], 512? P ae 7 © 
Substituting p = => kg / m° into / s 
ly - 28/38). 1.71(107) kg - m” Ans, 
TA S 
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*10-100. Determine the mass moment of inertia of the 
pendulum about an axis perpendicular to the page and 
passing through point O. The slender rod has a mass of 10 kg 
and the sphere has a mass of 15 kg. 











Composite Parts: The pendulum can be subdivided into two segments as shown in Fig. a. The perpendicular distances measured 
from the center of mass of each segment to the point O are also indicated. 
Moment of Inertia: The moment of inertia of the slender rod segment (1) and the sphere segment (2) about the axis passing 


through their center of mass can be computed from (IG) = = ml and ([g)2 = =n 2 The mass moment of inertia of each segment 
about an axis passing through point O can be determined using the parallel- axis theorem. 
Io = Zig +md < 


- E 10)( 0.452 )+ 10(0.225? ) + É 15)(0.12) + 1..5(0.55? | 


= 5.27 kg-m* Ans. 
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e10-101. The pendulum consists of a disk having a mass of 
6 kg and slender rods AB and DC which have a mass per unit 
length of 2 kg/m. Determine the length L of DC so that the 
center of mass is at the bearing O. What is the moment of 
inertia of the assembly about an axis perpendicular to the 
page and passing through point O? 


0.8 m 0.5m p 


—- 





Location of Centroid : This problem requires x = 0.5 m. 


_ Em 
y= Å= 
052 1.5(6) + 0.65[ 1.3(2)] +0[L(2)] 
E 6+ 1.3(2) +L(2) 
L=6.39m Ans 


Mass Moment of Inertia About an Axis Through Point O : The mass 
moment of inertia of each rod segment and disk about an axis passing through 





the center of mass can be determine using (Jz), = cml and (Ig), 
= mr? . Applying Eq. 10-15, we have 
Ip = Ello); +m;d? 
= 511302) (1.37) +(1.3(2)] (0.157) 
+5 1639(2)) ( 6.397) +[6.39(2)] ( 0.5") 


+5(6)( 02") +6(1°) 
= §3.2kg-m* Ans 
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10-102. Determine the mass moment of inertia of the 
2-kg bent rod about the z axis. 





Composite Parts: The bent rod can be subdivided into two segments as shown in Fig.a. 


2 
Mass moment of Inertia: Here, the mass for each segment is m] = ms = — = 1 kg. The perpendicular distances measured 


from the centers of mass of segments (1) and (2) ared, = 0.15 mand d» = vo? + 0.152 = J0.1 125 m, respectively. Thus, 
the mass moment of inertia of each segment about the z axis can be determined using the parallel - axis theorem. 


I, = 2(Iz ), + md? 


E Fiai J l 2 sz | 
= | —(1)(0.3* ) + 100.15 —(1)(0.3*) + 1 x0. 
Fo )+1(0.15%) fa (0.37) + 0.1125) | 


= 0.150 kg- m? 





(2) 
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10-103. The thin plate has a mass per unit area of 
10 kg/m”. Determine its mass moment of inertia about the K | 
y axis. 200 mm 


Z 








Composite Parts: The thin plate can be subdivided into segments as shown in Fig. a. Since the segments labeled (2) are both holes, 
they should be considered as negative parts. 


Mass moment of Inertia: The mass of segments (1) and (2) are m, = 0.4(0.4X10) = 1.6 kg and my =m (0.1?°X(10) =0.Lxkg. The 
perpendicular distances measured from the centroid of each segment to they axis are indicated in Fig. a. The mass moment of inertia 
of each segment about the y axis can be determined using the parallel - axis theorem. 


ly = (ly i + md? 
= 4 1.6,04)+1.402%)|- 50.1210. 12 )+ 0.1m(0.2? j 


= 0.144kg-m? Ans. 
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*10-104. The thin plate has a mass per unit area of 
10 kg/m”. Determine its mass moment of inertia about the w | 
Z axis. 200 mm 


a 








Composite Parts: The thin plate can be subdivided into four segments as shown in Fig. a. Since segments (3) and (4) are both holes, 
they should be considered as negative parts. 


Mass moment of Inertia: Here, the mass for segments (1), (2), (3), and (4) are m; = ms = 0.4(0.4)(10) = 1.6 kg and 


m3 = mą =7(0.1 2) 10) = 0. 1r kg. The mass moment of inertia of each segment about the z axis can be determined using the 
parallel - axis theorem. 


I, =X(Iz)- + md? 


il 


71.0104?) +| 70004 +0.4%)+ 1.40.2)| - = (0.1n 0.12) 5 (0.1m x 0.12) +0. 1r (0.22)| 


= 0.113kg-m? Ans. 
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e10-105. The pendulum consists of the 3-kg slender rod 
and the 5-kg thin plate. Determine the location y of the 
center of mass G of the pendulum; then find the mass 
moment of inertia of the pendulum about an axis 
perpendicular to the page and passing through G. 

















Ein, 142259) sop) mu 
ï in 335 1.781 m= 1.78 m Ans 


Ig = Li + md? 
= FONTI - IP + 500.33 + 1?) + $(2.25 = 1.781) 


= 4.45 kg: m Ane 
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10-106. The cone and cylinder assembly is made of Z 
homogeneous material having a density of 7.85 Mg/m°. 
Determine its mass moment of inertia about the z axis. 


150 mm 





Composite Parts: The assembly can be subdivided into a circular cone segment (1) and a cylindrical segment (2) as shown in Fig. a. 


Mass: The mass of each segment is calculated as 
mı = pV; = (a7) = 7.85(10° j 570.13 x03) = 17.66257 kg 


m = pV> = p(zr°h) = 7.85(10°}| 2(0.157)(0.3)| = 52.98757 kg 


Mass Moment of Inertia: Since the z axis is parallel to the axis of the cone and cylinder and passes through their center of mass, 
their mass moment of inertia can be computed from (/, ); = = mr” and (L) = =m ar?. Thus, 

l = Uz) +Cz)2 

= = 17.66257 )(0.15) + = (52.9875 0.15%) 


= 2.247 kg: m? = 2.25 kg- m? Ans. 
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10-107. Determine the mass moment of inertia of the ~ 
overhung crank about the x axis. The material is steel 30 mm 
having a density of p = 7.85 Mg/m°. 
180 mm 
f 
30 mm 











m, = 7.85( 10°) ((0.05)(0.01)") = 0.1233 kg 


m, = 7.85( 10°) ((0.03K0.180X0.02)) = 0.8478 kg o.1&m 
L= of $10.1233K0.007 + (0.12330.06) | 
+ | =510-8472( 0.037 +(0.180)') | 
= 0.0032Skg: of = 3.29g; or Ans 
0-03m 
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*10-108. Determine the mass moment of inertia of the 
overhung crank about the x’ axis. The material is steel 
having a density of p = 7.85 Mg/m’. 








180 mm 











o Bm 
m, = 7.85( 10? )((0.05)x(0.01) ) = 0.1233 kg 


m, = 7.85(10 )((0.03X0. 180X0.02)) = 0.8478 kg 


k= [50 12330. 0f] +{500. 1233)(0,02)" + (0.12330. 1207] 


+ [40-478 (0.037 + (0.1607) + (0.84780. 007) 





= 0.00719 kg-m* = 7.19 g-m* Ans. 
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e10-109. Ifthe large ring, small ring and each of the spokes 


weigh 100 lb, 15 Ib, and 20 lb, respectively, determine the mass 
moment of inertia of the wheel about an axis perpendicular 
to the page and passing through point A. 


A 





Composite Parts: The wheel can be subdivided into the segments shown in Fig. a. The spokes which have a length of (4 — 1) = 3 ft 


and a center of mass located at a distance of í +3) ft =2.5 ft from point O can be grouped as segment (2). 


Mass Moment of Inertia: First, we will compute the mass moment of inertia of the wheel about an axis perpendicular to the page 


and passing through point O. 
100 | .2 1/{ 20 2 20 2 15 2 
Io =| — [4 —| — ((3°)+| — (2. — 
O Ga +g 22 +(e les LE 
= 84.94 slug - ft? 


The mass moment of inertia of the wheel about an axis perpendicular to the page and passing through point A can be found using the 
100 20 ) 15 


parallel - axis theorem 74 = Io +md?, where m = — + 4 — |+ — = 8.5404 slug and d = 4ft. Thus, 
32.2 JARI SRZ 


l4 = 84.94 + 8.5404(4? ) = 221.58 slug - ft? = 222 slug- ft ? Ans. 
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10-110. Determine the mass moment of inertia of the thin 
plate about an axis perpendicular to the page and passing 
through point O. The material has a mass per unit area of 
20 kg/m’. 





























150 mm 150 mm 


Composite Parts: The plate can be subdivided into the segments shown in Fig. a. Here. the four similar holes of which the 
perpendicular distances measured from their centers of mass to point C are the same and can be grouped as segment (2). 
This segment should be considered as a negative part. 


Mass Moment of Inertia: The mass of segments (1) and (2) are m, =(0.4)(0.4) 20) = 3.2 kg and m» = z (0.05? K20)= 0.057rkg, 
respectively. The mass moment of inertia of the plate about an axis perpendicular to the page and passing through pointC is 


Ic = = 3.2X0.4? + 0.42) -4| +0057 (0.057 )+ 0.050.152 ) 


= 0.7041 kg- m? 


The mass moment of inertia of the plate about an axis perpendicular to the page and passing through point O can be determined 
using the parallel - axis theorem [9 = Ic +md?, where m = m; - my =3.2 -40.057 )= 2.5717 kg and d = 0.4sin 45. Thus, 
Io = 0.07041 + 2.5717(0.4sin45°)* = 0.276 kg-m” Ans. 


0.45in45'm 





O-15Mm | O-1Gm 





(A) 
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10-111. Determine the mass moment of inertia of the thin 
plate about an axis perpendicular to the page and passing 
through point O. The material has a mass per unit area of 
20 kg/m”. 











Composite Parts: The plate can be subdivided into two segments as shown in Fig. a. Since segment (2) is a hole, it should be 
considered as a negative part. The perpendicular distances measured from the center of mass of each segment to the point O are 
also indicated. 


Mass moment of Inertia: The masses of segmemts (1) and (2) are computed as mm = 1(0.27\20) = 0.81 kg and mz = (0.20.2) 20) = 0.8 kg. The moment of inertia of the 
point O for each segment can be determined using the parallel - axis theorem. 


Io = Elg + md? 
= |7 08r302? )+0.87(0.2? )| ki pos 0.27 +0.27)+ 0.80.27 ) 
= 0.113kg-m? Ans. 
O 0 
ORM 0.2m 


Oam 0m 


(A) 
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*10-112. Determine the moment of inertia of the beam’s 
cross-sectional area about the x axis which passes through 
the centroid C. 











Moment of Inertia : The moment of inertia about the x axis for the composite 
beam's cross section can be determined using the parallel — axis theorem 


I, =2(1,+Ad’) . 


i tae +0] 
=o. 28874) = (E) + ozsa O6 
= 0.0954d" Ang 


e10-113. Determine the moment of inertia of the beam’s 
cross-sectional area about the y axis which passes through 
the centroid C. 











Moment of Inertia : The moment of inertia about yaxis for the composite 
beam's cross section can be determined using the parallel — axis theorem 


I= x(L +Ad.) j* 


I = Fe (d’) +0) 


+ E (d) (0.2887d)° + 5d) (0.2887d) (0.59624)"] 
= 0.187d" Ans 





1027 








10 Solutions 44918 1/28/09 4:22 PM Page 1028 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10-114. Determine the moment of inertia of the beam’s 
cross-sectional area about the x axis. 
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10-115. Determine the moment of inertia of the beam’s 
cross-sectional area with respect to the x’ axis passing 
through the centroid C. 




















-EJA _ 0.250.491.505) 
y* TA 0.5(4) + 2(2)(0.5) 0.873 ia. 


Gi ZOO. + 4(0.5)(0.875 - 0.25} +2{ 500.5027 +(0.5\2)(1.5-0.875)? 


= 227in Ans 


*10-116. Determine the product of inertia for the angle’s 
cross-sectional area with respect to the x’ and y’ axes 
having their origin located at the centroid C. Assume all 
corners to be right angles. 








Ly =EEyA 
* (+ +20- 57.37 \(57. 37 = 10)(180)(20) + (-(57.37 - 10))(—(100 - $7. 37)) (200) (20) 


=17.1(10)° mm‘ Ans 
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e10-117. Determine the moment of inertia of the area 
about the y axis. 





Differential Element : Here, y = (4-a?) . The area of the differential 


l 
element parallel to the y axis is dA = yde = 2(4-2") de. 


Moment of Inertia : Applying Eq. 10— 1 and performing the integration, we 
have 


10-118. Determine the moment of inertia of the area 
about the x axis. 





1 
Differential Element : Here, y = q(4-2") . The area of the differential 


element parallel to the y axis is dA = ydx . The moment of inertia of this 
differential element about the x axis is 


dl, =d], +dAĵ? 


= (dey +yde(2) 


= lz (4-2) ] d 


= (ta ~ 48x" +64) de 


Moment of inertia: Performing the integration, we have 


I, =| df “=f. (—x° + 12x‘ - 48x74 64) de 
= t E 192 J-20 


ifi, 12, 


th 
-a07 +—x = 16x" + 64x} 


192. 7 § 
= 0.610 fe’ 


=ih 
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10-119. Determine the moment of inertia of the area 
about the x axis. Then, using the parallel-axis theorem, find 
the moment of inertia about the x’ axis that passes through 
the centroid C of the area. y = 120 mm. 








Differential Element : Here, x = 200y?. The area of the differential 
element parallel to the x axis is dA = 2rdy = 2y/200y !dy . 


Moment of Inertia : Applying Eq. 10- 1 and performing the integration, we 
have 


200 i 
1, =f yida =f y (2V0 ) 
e aa °°" 
7 ù 

=914.29( 10°) mm‘ =914( 10°) mm* Ans 

The moment of inertia about the x’ axis can be determined using the parallel - 
2000n 
axis theorem. The area is A = | a= f 24 200y*dy =.53.33( 10°) mm? 
A 





L= f. +Ad° 
914,29( 10°) =. +53.33( 10°) ( 120°) 


Į = 146( 10°) mm‘ Ans 
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*10-120. The pendulum consists of the slender rod OA, 
which has a mass per unit length of 3 kg/m. The thin disk 
has a mass per unit area of 12 kg/m”. Determine the 
distance y to the center of mass G of the pendulum; then 
calculate the moment of inertia of the pendulum about an 
axis perpendicular to the page and passing through G. 











-IgA _ 0.75[ 1.503) |+ 1.8[ 710.3} 02] - 1.8[ m0. 1}(12)] 
ya — 2 
IA 


1.5(3)+ 0.3} (12)- m0. 1} (12) 





= 1.1713 m = 1.17 m Ans 


lo = [L50037 +[ 1.5(3)](1.1713 -0.757 + 5[m(0.3)*(12)]} (0.39 +[ (0.3)°(12)](1.8~ 1. 17137 


- 5{ m(0.1)?(12)] (0.17 —[m(0.17°(12)]1.8- 1.1713" a 299g. m Ans 
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e10-121. Determine the product of inertia of the area 
with respect to the x and y axes. 














Differential Element : Here, x = yi. The area of the differential element 
I 
parallel to the x axis is dA = xdy = y'dy . The coordinates of the centroid for 
1 ! 
this clement are Z = 5 = 3y”, ¥ = y. Then the product of inertia for this element i 


dl, = dl, +dAzy 
=0+ Pazo 
= a dy 


Product of Inertia : Performing the integration, we have 





mi 3 3 yla 
1, =] di,, f ydy =», =0.1875 m Ans 
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e11-1. The 200-kg crate is on the lift table at the position 
0 = 30°. Determine the force in the hydraulic cylinder AD 
for equilibrium. Neglect the mass of the lift table’s 
components. 





Free - Body Diagram: When 0 undergoes a positive virtual displacement of 68, the dash line configuration 
shown in Fig. a is formed. We observe that only the force in hydraulic cylinder F 4p acting at point D and the 
weight of the crate Wy do work when the virtual displacements take place. 


Virtual Displacement: The position of F 4p acting at point D and the point of application of Wy are specified by 
the position coordinates yp and yy, measured from the fixed point B. 

yp = 2.4sin@ yp = 2.4c0s 060 (I) 

yy = 2(2.4sin 8)+ b by) = 4.8008 660 (2) 








Virtual Work Equation: Since Fap acts towards the positive sense of its corresponding virtual displacement, its 
work is positive, The work of W p is negative since it acts towards the negative sense of its corresponding virtual 
displacement. 

ôU =Q Fan Vp + [-200(9.81)6), ] = 0 (3) 
Substituting Eqs. (1) and (2) into Eq. (3), 

Fap (2.4008 68 ) — 200(9.81)(4.8.cos 068 )= 0 

cos 660(2.4 Fap — 9417.6)= 0 
Since cos 660 # Ü, then 

24Fap — 9417.6=0 

Fan = 3924 N =3.92 kN Ans. 


Note Fap remains constant regardless of angle @. 


Ws =200(9-B1) N 
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11-2. The uniform rod OA has a weight of 10 1b. When the 
rod is in a vertical position,0 = 0°,the spring is unstretched. 
Determine the angle 0 for equilibrium if the end of the spring 
wraps around the periphery of the disk as the disk turns. 





k = 30 lb/ft 


Free Body Diagram : The system has only one degree of freedom defined by 
the independent coordinate 6. When @ undergoes a positive displacement 59, 
only the spring force and the weight of rod (10 Ib force) do work. 


Virtual Displacements : The 10 lb force is located from the fixed point Ô 
using the posiuon coordinate yg, and the virtual displacement of point C is dx¢. 


Ya =lcos@ dy, =~sin 666 (1) 
xç = 0.568 (2] 


Virtual- Work Equation : When points B and C undergo positive virtual 


displacements dy, and xe, the 10 lb force and the spring force Fp. do > ia 


work. 
6U=0; —10dy, oF, éx- =0 [3] 


Subsomang Eqs.[(1] and [2] into (3] yields 
(- 10sin 00.55, ) 50=0 [4] 


However, from the spring formula, Fp = kx = 30(0.50) = 156. Substituting 
this value into Eq. [4] yields 


{- 10sin 07.50) 50 = 0 





Since 56 * 0, then 
--10sin @=7.58 = 0 


Solving by mial and error . 
A=0 and @=73.1° Ans 
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11-3. The “Nuremberg scissors” is subjected to a 
horizontal force of P = 600 N. Determine the angle 6 for 
equilibrium. The spring has a stiffness of k = 15 kN/m and 
is unstretched when 6 = 15°. 





Free - Body Diagram: When 6 undergoes a positive virtual angular displacement of 66, the dash line configuration 
shown in Fig. a is formed. We observe that only the spring force F,,, acting at points A and B and the force P do work 
when the virtual displacements take place. The magnitude of F,, can be computed using the spring force formula, 


Foy = kx = 110° [%0.2sin @) — 2 0.2sin15°)] = 6000(sin@ — 0.2588)N. 


Virtual Displacement: The position of points A and B at which F,,, acts and point C at which force P acts are specified by 
the position coordinates y 4, yg, and yc, measured from the fixed point E, respectively. 


ya = 0.2sin@ dy4 = 0.2.cos 660 (1) 
yp = X0.2sin@) dyp = 0.6cos 660 (2) 
yc = 8(0.2sin@) yp = 1.6c0s050 (3) 


Virtual Work Equation: Since F,,, at point A and force P acts towards the positive sense of its corresponding virtual 
displacement, their work is positive. The work of F,,, at point B is negative since it acts towards the negative sense of its 
corresponding virtual displacement. Thus, 

ôU = 0, Fey Sy 4 +(—Fsp5yp) + Pvc = 0 (4) 


Substituting Fy, = 6000(sin@ — 0.2588), P =600N, Eqs. (1), (2), and (3) into Eq. (4), 
6000(sin@ — 0.2588)(0.2.cos 656 — 0.6 cos 658 ) + 600(1.6 cos 850) = 0 
cos 656[-2400(sind — 0.2588) + 960] = 0 


Since cos 660 # 0, then 
—240(sin@ — 0.2588) +960 = 0 
8 = 41.2° Ans. 
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*11-4. The “Nuremberg scissors” is subjected to a 
horizontal force of P = 600 N. Determine the stiffness k of 
the spring for equilibrium when 0 = 60°. The spring is 
unstretched when 0 = 15°. 





Free - Body Diagram: When @ undergoes a positive virtual angular displacement of 50, the dash line configuration 
shown in Fig. a is formed. We observe that only the spring force Fp acting at points A and B and the force P do work 
when the virtual displacements take place. The magnitude of F,,, can be computed using the spring force formula. 


Fp = kx = {2(0.2sin8 )—2(0.2sin 15°)] =(0.4)A(sin® — 0.2588) N 


Virtual Displacement: The position of points A and B at which F., acts and point C at which force P acts are specified by 
the position coordinates y4, yg, and ye, measured from the fixed point E, respectively. 


ya =0.2sin6 Sy, = 0.2005 650 (1) 
yg = X0.2sin6) 5yp = 0.6005 056 (2) 
yc = 8(0.2sin@) ypg = 1.6c0s050 (3) 


Virtual Work Equation: Since F,,, at point A and force P acts towards the positive sense of its corresponding virtual 
displacement, their work is positive. The work of F, at point B is negative since it acts towards the negative sense of its 
corresponding virtual displacement. Thus, 

ôU = 0, Fpa +(—Fypdyp ) + Poyc =0 (4) 


Substituting Fyp = k(sin@ — 0.2588), P = 600N, Eqs. (1), (2), and (3) into Eg. (4), 
(0.4)k(sin@ — 0.2588)(0.2 cos8.& — 0.6cos 660) + 600( 1.6008 050) = 0 
cos 656[-0. 16k(sin@ — 0.2588) + 960} =0 


Since cos 050 # 0, then 
—0.164(sin@ — 0.2588)+ 960 = 0 


pa OOO. 
sin@ — 0.2588 
When @ = 60°, 
6000 


tS oaa EEN im Ans. 
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e11-5. Determine the force developed in the spring 
required to keep the 10 Ib uniform rod AB in equilibrium 
when 0 = 35°. 





k = 15 lb/ft 


CNN aa 
p 6 ft 
9 


pe 





Free- Body Diagram : The system has only one degree of freedom defined by 
the independent coordinate @. When @ undergoes a positive displacement 59, 
only the spring force £, the weight of the rod(10 Ib) and the 10 Ib: ft couple 
moment do work, 


Virtual Displacements : The spring force F, and the weight of the rod 
(10 ib) are located from the fixed pointA using position coordinates xand 
Xç. respectively. 


x, =6cos@ Sx, =-6sin 056 [1] 
yc=3sin9  őyç = 3cos 650 [2] 


Virtual- Work Equation : When points B and C undergo positive virtual 
displacements dx, and dy,, the spring force F „and the weight of the rod 
(10 Ib) do negative work. The 10 lb- ft couple moment does negative work 
when rod AB undergoes a positive virtual rotation 66. 

5U=0, —F, dx, -106y--1066=0 [3] 
Substituting Eqs. [1] and (2) into [3] yields 


( 6F, sin 0- 30cos 0-10) 56 = 0 [4] 





Since 66 = OQ, then 
óF sin @= 30cos 9- 10=0 
Fs 30cos 8+ 10 
- 6sin ð 


At the equilibrium position, @ = 35°, Then 


_ 3Ocos 35° + 10 


= eee — = |00 Ib Ans 
ii 6sin 35° 
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11-6. Ifa force of P = 5 lb is applied to the handle of the 
mechanism, determine the force the screw exerts on the cork 
of the bottle. The screw is attached to the pin at A and passes 
through the collar that is attached to the bottle neck at B. 











Free - Body Diagram: When 6 undergoes a positive virtual angular displacement of 60, the dash line configuration 
shown in Fig. a is formed. We observe that only the force in the screw F, and force P do work when the virtual displacements 
take place. 


Virtual Displacement: The position of the points of application for F, and P are specified by the position coordinates y4 and yp, 
measured from the fixed point B, respectively. 

ya = 2(3sin@) dy 4 = 6cos 650 (1) 

yp = G3sin@) yp = 18cos 660 (2) 


Virtual Work Equation: Since P acts towards the positive sense of its corresponding virtual displacement, it does positive work. 
However, the work of F, is negative since it acts towards the negative sense of its corresponding virtual displacement. Thus, 
ôU = 0, Põyp +(-Fôya)=0 (3 


Substituting P = 5 lb, Eqs. (1) and (2) into Eq. (3), 
5(18 cos 088 ) — F, (6cos868 ) = 0 
cos 850(90 — 6F,) = 0 


Since cos 660 + 0, then 
90 -6F,=0 
F =15 Ib Ans, 
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11-7. The pin-connected mechanism is constrained at A by 
a pin and at B by a roller. If P = 10 lb, determine the angle 
6 for equilibrium. The spring is unstretched when 6 = 45°. 
Neglect the weight of the members. 





xa |cod 

F =k; F = Xicos @ - lcos 45°) 
AU =0 -Far+P&=0 

-50 lcos 9 - Icos 45°) + 10 = 0 


0 =24.9 Ans 
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*11-8. The pin-connected mechanism is constrained by a 
pin at A and a roller at B. Determine the force P that must 
be applied to the roller to hold the mechanism in 
equilibrium when 0 = 30°. The spring is unstretched when 
0 = 45°. Neglect the weight of the members. 





x= loosé 
6U=20; P&-F & =0 
P =F. 
When @ = 45°, x = lcos 45° = 0.7071 ft 
When @ = 30°, x = Icos 30° = 0.86602 ft 


F =k; F = 50(0.86602 - 0.7071) = 7.95 Ib 





P=7.95lb Ans 
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e11-9. Ifa force P = 100 N is applied to the lever arm of 
the toggle press, determine the clamping force developed in 
the block when 0 = 45°. Neglect the weight of the block. 



































Free - Body Diagram: When 6 undergoes a positive virtual angular displacement of 50, the dash line configuration shown in Fig. 
a is formed. We observe that only force P and the clamping force F do work when the virtual displacement takes place. 


Virtual Displacement: The position of point Dat which Fp acts is specified by the position coordinate y. 
yp = %0.2.c0s@) vp = —-0.4sin 660 (1) 


Since ĝis very small, the virtual displacement of point A at which force P acts is 
éy 4 = 0.550 (2) 


Virtual Work Equation: Since Fp and Pact towards the negative sense of their corresponding virtual displacements, their work is 
negative. Thus, 
óU =0 -Péy, + (—Fe® p ) = (3) 


Substituting P = 100.N, Eqs. (1) and (2) into Eq. (3), 
—100(0.556 )— F ¢(—0.4sin 660) = 0 
66(-50+ 0.4F ¢ sin )= 0 


Since 60 # Ü, then 
-50+ 0.4Fp sind = 0 





125 
Ene 
At@ =45°, 
Fg = —!23_ 176.78N =177N Ans. 
sin 45° 
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11-10. When the forces are applied to the handles of the 
bottle opener, determine the pulling force developed on 
the cork. 














Free - Body Diagram: When the handle undergoes a virtual angular displacement of 60, only forces P and F do work, 
Fig. a. 


Virtual Displacement: Since ĝis very small, the virtual displacements of forces P and F can be approximated as 
dp = 0.0960 (1) 
r = 0.01560 i (2) 


Virtual Work Equation: Since P acts towards the positive sense of its corresponding virtual displacement, its work is 
positive. However, force F does negative work since it acts towards the negative sense. 
ol = Q 2(P5p )+(-F SF )= 0 (3) 


Substituting P = 5 N and Eqs. (1) and (2) into Eq. (3), 
2[5(0.0950 )| — F (0.01558) = 0 
50(0.9-0.015F) = 0 


Since 60 # 0, then 
0.9-0.015F =0 
F=60N Ans. 
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11-11. If the spring has a stiffness k and an unstretched 
length lọ, determine the force P when the mechanism is in 
the position shown. Neglect the weight of the members. 


y= Uo, dy = -2 snd 60 
z= [om8, dx = | om0 30 
ŠU = Q; -P år - F, dy= 0 


-P(lœs0 50) + F, (2! sin 56) = 0 


AN 


G 


-P on@ + 2F, sinô = 0 
F, = K2las6 - h) 


P = %wmO(QiasO-b) Ans 





*11-12. Solve Prob. 11-11 if the force P is applied 
vertically downward at B. A 





p a Ust, Fm = = 2 sin 39 
W = 0; P & - F, & =0 


P(-I sin@) 89 — F, (~U snd) 89 = 0 


P = 1 
F =k, F, = 42 cos@ - b) 


P = Wi cos@ - &) Ass 
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e11-13. Determine the angles 0 for equilibrium of the 
4-lb disk using the principle of virtual work. Neglect the 
weight of the rod. The spring is unstretched when 0 = 0° and 
always remains in the vertical position due to the roller guide. 





Free Body Diagram : The system has only one degree of freedom defined by 
the independent coordinate 9. When 8 undergoes a positive displacement 06, 
only the spring force F, and the weight of the disk (4 lb) do work. 


Virtual Displacements : The spring force F, and the weight of the disk 
(4 lb) are located from the fixed point 8 using position coordinates y-and y,, 
respectively. 


yo=lsn@ dye =cos 050 [1] 
y, =3sin@ dy, = cos 080 [2] 


Virtual- Work Equation : When points C and A undergo positive virtual 
displacements dy-and dy,, the spring force £, does negative work while the 
weight of the disk (4 lb) do positive work, uP 


SU=0; 46y,-F, dy¢ =0 [3] &, 


Substiwting Eqs.[1) and [2] into [3] yields 





(12-F, ) cos 656 =0 [4] 


However, from the spring formula, F, = kx = 50(Isin 6) = 50 sin 8. 
Substituting this value into Eq. [4] yields 


(12—50sin 6)cos 60 =0 


Since 66 + Ü, then 
12~450sin ğ = Ü @= 13.97 Ans 


cos8=0 6@=90° Ans 
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11-14. The truck is weighed on the highway inspection 
scale. If a known mass m is placed a distance s from the 
fulcrum B of the scale, determine the mass of the truck m, if 
its center of gravity is located at a distance d from point C. 
When the scale is empty, the weight of the lever ABC 
balances the scale CDE. 














SU =0; (Ws 56) - Wade = 0 wW 


(Ws - Wa = 0 


W= 


1 
m 
hi 
_—— 


or, 
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11-15. The assembly is used for exercise. It consists of four 
pin-connected bars, each of length L, and a spring of 
stiffness k and unstretched length a (< 2L). If horizontal 
forces are applied to the handles so that 0 is slowly 
decreased, determine the angle 6 at which the magnitude of 
P becomes a maximum. 








Free Body Diagram : The system has only one degree of freedom defined by 
the independent coordinate 8. When @ undergoes a positive displacement 59, 
the spring force F,, and force P do work. 


Virtual Displacements : The spring force F, and force P are located 
from the fixed point D and A using position coordinates y and x , respectively. 


y=Loos@ Sy =-Lsin 050 (1) 
x=Lsin@ 65x =Lcos 050 (2] 


Virtual- Work Equation : When points A, C, B and D undergo positive 
virtual displacement dy and dx, the spring force F „and force P do negative 
work. i 

6U=0; -2F,dy-2Péx=0 [3] 
Substituting Eqs. [1] and [2] into [3] yields 


(2Ę,sin 9- 2Pcos 6) L50 =0 [4] 


From the geometry, the spring stretches $= 2Lcos@-—a Then, the spring 
force Fp = k= k(2Lcos6— a) = 2kLcos@-ka Substituting this value into 


Eq.[4] yields 
(4kLsin Gcos 0- 2kæin 0- 2Pcos 8) L460 =0 


Since L66 # 0, then 





4kLsin Ocos 0- 2kæin @-2Pcos 6 =0 
P=k(2Lsin 0- aan 6) 


aP 
In order to obtain maximum F, — = 0. 


" dé 
dP 
— =k( 2Lcos@—- asec’ 8) =0 
dê 
[i 
gyi 
ð= (=) Ans 
Cos JL 
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*11-16. A 5-kg uniform serving table is supported on each _ 250mm 150mm 
side by pairs of two identical links, AB and CD, and springs | 

CE. If the bowl has a mass of 1 kg, determine the angle 0 
where the table is in equilibrium. The springs each have a : . 
stiffness of k = 200 N/m and are unstretched when 6 = 90°. SWANN) 
Neglect the mass of the links. ve 





Free - Body Diagram: When @ undergoes a positive virtual angular displacement of 50, the dash line configuration shown in Fig. 
a is formed. We observe that only the spring force F,,, the weight W, of the table, and the weight W, of the bowl do work when 
the virtual displacement takes place. The magnitude of F,, can be computed using the spring force formula, 

F;p = kx = 200(0.25.cos@ )= S0.cos ON. 


Virtual Displacement: The position of points of application of W,, W,, and F., are specified by the position coordinates yg, . YG, » 
and xç , respectively . Here, YG, and YG, are measured from the fixed point B while xc is measured from the fixed point D. 


YG, = 0.25sin@ + b G, = 0.25c0s050 (1) 
hir e 0.25sin@ + a YG, = 0.25c0s050 (2) 
xç = 0.250080 dtc = -0.25sin 050 (3) 


Virtual Work Equation: Since W}, W,, and F, act towards the negative sense of their corresponding virtual displacement, their 
work is negative. Thus, 


ôU =Q -Wrby, +(-W,ôya, )+(-Fpåc)=0 (4) 


Substituting Wp -(}osn =4,905N, W, -(3}ssn- 24.525N, Fey = S0cos@N, Eqs. (1), (2), and (3) into Eq. (4), we have 


—4,905(0.25 cos 858 ) — 24.525(0.2500s850 )— 50 cos (—0.25 sin850 )= 0 
58(-7.357500s8 + 12.5sin @ cos 8) = 0 


Since 50 # 0, then 
-7.3575cos@ + 12.5sin8@ cos = 0 
cos 6(—7.3575 + 12.5sin@ )= 0 


Solving the above equation, 
œsĝ=0 0 =90° Ans. 
—7.3575+ 12.5sin@ = 0 
6 =36.1° Ans. 
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e11-17. A 5-kg uniform serving table is supported on each _ 250mm 150mm 
side by two pairs of identical links, AB and CD, and springs | 

CE. If the bowl has a mass of 1 kg and is in equilibrium when 
0 = 45°, determine the stiffness k of each spring. The springs | | Th 
are unstretched when 0 = 90°. Neglect the mass of the links. | | FWN E 





Free - Body Diagram: When 0 undergoes a positive virtual angular displacement of 50, the dash line configuration shown in Fig. 
a is formed. We observe that only the spring force F,,, the weight W, of the table, and the weight W; of the bowl do work when 
the virtual displacement takes place. The magnitude of F,, can be computed using the spring force formula, 

Foy = kx = k(0.25cos@ ) = 0.25k cos8. 


Virtual Displacement: The position of points of application of W,, W;, and F.,, are specified by the position coordinates yG, . YG, » 
and xç , respectively . Here, YG, and YG, are measured from the fixed point B while xç is measured from the fixed point D. 


YG, = 9.25sin6 + b iG, = 0.25c0s050 (1) 
YG, = 0.25sin@ + a G, = 0.25c0s650 (2) 
xc = 0.25cos 6 dtc = -0.25sin 050 (3) 


Virtual Work Equation: Since W4, W,, and F, act towards the negative sense of their corresponding virtual displacement, their 
work is negative. Thus, 


ôU =Q -WidyG, +(-W,dyG, )+(- sp dtc )= 0 (4) 


Substituting Wp -(+}o8 =4,905N, W, -(3}sn = 2A.525N, Fey = 0.25kc0s ON, Eqs. (1), (2), and (3) into Eq. (4), we have 


4,900.25 cos 856 )~24.525(0.2500s650 )— 0.25k cos@(—0.25sin850)= 0 
50(-7.3575c0s0 + 0.0625k sin cos@) = 0 


Since 50 + 0, then 
~—7.3575cos@ + 0.0625k sin cos 0 = 0 
k= 117.72 
sin @ 
When 6 =45°, then 
117.72 
sin 45° 





=166N/m Ans. 


£ 
ZBON -Sgin 





(2) 
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11-18. If a vertical force of P = 50N is applied to the 
handle of the toggle clamp, determine the clamping force 
exerted on the pipe. 








Free - Body Diagram: When 6 undergoes a positive virtual angular displacement of 6, the dash line configuration shown in Fig. a 
is formed. We observe that only force P and the clamping force F do work when the virtual displacement takes place. 


Virtual Displacement: Since d@is very small, the virtual displacement of point C can be appoximated by 6¢ = 0.045 m. From 
the geometry shown in Fig. b, the horizontal and vertical components of dc are given by (6c), =dc sin@ = f0.045 sin@& and 
(6c)y =d¢ cos 6 = J0.045 cos650, respectively. By referring to Fig. a, we notice that 54 = (6c )x = 10.045 sin@50. Also, 


ow SF. a PA og Sp = 0.666754 = 0.66670.045 sind50 








0.1 0.15 
and 
ar = Cc dy = 088 00 = 3.333.f0.045 cos 050 
0.3 03 
and 


Sp = 0.55 +(5c)y = 0.{3.333Y 0.045 005050 } + [0.045 c0s850 = 2.66670.045 cos 050 


Virtual Work Equation: Since Facts towards the positive sense of its corresponding virtual displacements, its work is positive. 
However, P does negative work since it acts in the negative sense of its corresponding virtual displacement. Thus, 
ôU =Q Fôr +(-Pdp)=0 


Substituting P = 50 N and the results of p and dp into the above equation 
F (0.6667 0.045 sinĝőð )— 502.66674 0.045 cos@d@ )= 0 
f0.04550(0.6667F sin@ — 133.33 cos@)= 0 


Since J0.04550 # 0 then 
0.6667F sin — 133.33 0050 = 0 
F= a 
sin@ 
At@ =45°, 
— 2000s 45" = 200N Ans. 
sin 45° 
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11-19. The spring is unstretched when 0 = 45° and has a - 
stiffness of k = 1000 lb/ft. Determine the angle 6 for 

equilibrium if each of the cylinders weighs 50 lb. Neglect the 
weight of the members. The spring remains horizontal at all 
times due to the roller. 


4 ft — 








Free - Body Diagram: When 6 undergoes a positive virtual angular displacement of 60, the dash line configuration shown in Fig. 
a is formed. We observe that only the spring force F,,, and the weight W of the cylinder do work when the virtual displacement 
takes place. The magnitude of F,, can be computed using the spring force formula, 


F,„ = kx = 1000(2sin 45° — 2sin8 ) = 2000(0.7071 — sin@ ) lb. 


Virtual Displacement: The positions of the points of application of W and F,,, are specified by the position coordinates yy and xg, 


measured from the fixed point A. 
yw =4cos6+b yw = —4sin 660 (1) 
xg = 2sin0 xg = 2.c0s 660 (2) 


Virtual Work Equation: Since W and F,,, act towards the positive sense of their corresponding virtual displacements, their work is 
positive. Thus, 
ôU =0, 2Wôyw + Fypdxg = 0 (3 


Substituting W = 50 Ib, Fp = 2000(0.7071 — sin@), Eqs. (1), and (2) into Eq. (3), 
2(50)(—4 sin@d6 ) + 2000(0.7071 — sin@ X 2.cos@d0 )= 0 
66(—400sin@ + 2828.43cos 0 — 4000.cos 6 sin@ ) = 0 


Since 6@ + 0, then 
—400 sin@ + 2828.43 cos@ — 4000 cos@ sin = 0 


Solving by trial and error, 
@ =38.8° Ans, 
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*11-20. The machine shown is used for forming metal 
plates. It consists of two toggles ABC and DEF, which are 
operated by the hydraulic cylinder. The toggles push the 
moveable bar G forward, pressing the plate into the cavity. 
If the force which the plate exerts on the head is P = 8 kN, 
determine the force F in the hydraulic cylinder when 
0 = 30°. 














Free - Body Diagram: When @ undergoes a positive virtual angular displacement of 50, the dash line configuration shown in Fig. 
a is formed. 


Virtual Displacement: The position of points of application of F, and P are specified by the position coordinates yg, YB, » 
and x, respectively. 


yg = 0.2sin@ dy ¢ = 0.2.c0s 660 (1) 
yp = 0.2sinð yg = 0.2.c0s 650 (2) 
= 2(0.2c0s@) dxg = -0.4 sin660 (3) 


Virtual Work Equation: Thus, 
U = 0; -Féyz +(—Féyg )+ (—Padrg )= 0 (4) 


Substituting Eqs. (1), (2), and (3) into Eq. (4), we have 


60(—0,4F cos@ + 0.4Psin@ ) = 0 Dy 

Since 60 # 0, then Dx se 
-0,4F cos0 + 0.4P sind = 0 Ys N% 
F = Ptand g i 


When @ =30°, P= 8 KN then 


F = 8tan3¥ =4.62 kN Ans. a | 
| eB Re 





1052 








11 Solutions 44918 1/29/09 12:42 PM Page 1053 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e11-21. The vent plate is supported at B by a pin. If it weighs 
15 Ib and has a center of gravity at G, determine the stiffness 
k of the spring so that the plate remains in equilibrium at 
0 = 30°. The spring is unstretched when 0 = 0°. 








Free Body Diagram : The system has only one degree of freedom defined by 
the independent coordinate 0. When 6 undergoes a positive displacement 58, 
only the spring force F,, and the weight of the vent plate (15 lb force) do work. 


Virtual Displacements : The weight of the vent plate (15 Ib force) is located 
from the fixed point B using the position coordinate yg. The horizontal and 
vertical position of the spring force F „are measured from the fixed point B using 
the position coordinates x, and y,, respectively. 


yg =0.5cos 0 dy, =-0.5sin 050 [1] 
y, = lcos 6 dy, = -sin 050 [2] 
x, =lsinð dx, = cos 650 [3] 


Virtual- Work Equation : When yg, y, and x, undergo positive virmal 
displacements fyg. Sy, and x,, the weight of the vent plate (15 lb force), 
horizontal component of F,,, F,cos @ and vertical component of Fp. F, sin $ 
do negative work. 


SU=0; —F, cos ¢ ôx,- F,sin ¢dy, ~ 1Sdyq =0 [4] 
Substituting Eqs. [1], [2] and [3] into [4] yields 


(-F, cos &cos $+F, sin Osin ¢ +7.5sin 0) 50 =0 
(-F, cos( 0+ 9) +7.Ssin 6) 58=0 





Since 64 # 0, then 
-F,,cos(0+¢) +7.5sin 0=0 
Fis 7.5sin 6 
*P  cos(6+ @) 


)- 10.89°. 


uilibrium position @ = 30°, the E en 
At eq um position , the angle @ = tan 49 isin 30° 
7.5sin 30° 


A 
Fe = Sos(a0°4 10.89%) = 2981 





Spring Formula : From the geometry, the spring stretches 
x = /42 + 1? =2(4)(1) cos 120°- (4 + 12 = 0.4595 ft 


F 


p ake 


4.961 = k (0.4595) 
k = 10.8 lb/ft Ans 
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11-22. Determine the weight of block G required to 
balance the differential lever when the 20-lb load F is 
placed on the pan. The lever is in balance when the load and 
block are not on the lever. Take x = 12 in. 








Free - Body Diagram: When the lever undergoes a virtual angular displacement of 6@ about point B, the dash line configuration 
shown in Fig. a is formed. We observe that only the weight Wg of block G and the weight Wp of load F do work when the virtual 
displacements take place. 


Virtual Displacement: Since dyg is very small, the vertical virtual displacement of block G and load F can be approximated as 
yg = (12+ 4958 = 1650 (1) 
Sy p = 250 (2) 


Virtual Work Equation: Since Wg acts towards the positive sense of its corresponding virtual displacement, its work is positive. 
However, force Wp does negative work since it acts towards the negative sense of its corresponding virtual displacement. Thus, 


ôU =Q Wgêyg +(-Wrõôyr) =0 (3) 


Substituting Wg = 20 Ib and Eqs. (1) and (2) into Eq. (3), 
Wg (1660) — 20( 266) = 0 
60(16Wg -40) = 0 


Since 60 + 0, then 
16Wg -40=0 
Wg = 2.5 lb Ans. 





(A) 
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11-23. If the load F weighs 20 lb and the block G weighs 
2 lb, determine its position x for equilibrium of the 
differential lever. The lever is in balance when the load and 
block are not on the lever. 








Free - Body Diagram: When the lever undergoes a virtual angular displacement of 6@ about point B, the dash line configuration 
shown in Fig. a is formed. We observe that only the weight Wc of block G and the weight W p of load F do work when the virtual 
displacements take place. 


Virtual Displacement: Since dyg is very small, the vertical virtual displacement of block G and load F can be approximated as 


dyg = (4+x)66 (1) 
Sy p = 250 (2) 


Virtual Work Equation: Since Wz acts towards the positive sense of its corresponding virtual displacement, its work is positive. 
However, force Wp does negative work since it acts towards the negative sense of its corresponding virtual displacement. Thus, 


ôU =0 WodvG +(-WrôyF)=0 (3) 


Substituting Wr = 20 lb, Wg = 2 lb, Eqs. (1) and (2) into Eq. (3), 
2(4+x)50 — 20260 ) = 0 


§6[% 4+ x)— 40] = 0 


Since 60 # 0, then 
2(4+x)-—40=0 
x= 16in. Ans. 





(a) 
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*11-24. Determine the magnitude of the couple moment 
M required to support the 20-kg cylinder in the 
configuration shown. The smooth peg at B can slide freely 
within the slot. Neglect the mass of the members. 








Free - Body Diagram: When @ undergoes a positive virtual angular displacement of 6@, the dash - line configuration shown in 
Fig. a is formed. We observe that only the couple moment M and the weight Wg of the cylinder do work when the virtual 
displacement takes place. 


Virtual Displacement: The position of the point of application of Wp is specified by the position coordinate yp , measured from the 
fixed point C. 
yg = b- 25sinð yg = -2.5c0s 050 (1) 


From the geometry shown in Fig. b, we obtain 


Virtual Work Equation: Since Mand Wg act in the positive sense of their corresponding virtual displacements, their work is positive. 
Thus, 
ôU = 0, Mé¢ + Wredyp =0 (3) 


Substituting Wg = 20(9.81) N and Eqs. (1) and (2) into Eq. (3), 
M (250 ) + 20(9.81)( -2.5cos 650) = 0 
58(2M —490.Scos @)=0 


Since 66 + 0, then 
2M —490.5cos 0 = 0 
M = 245.25 cos 6 


At@ = 30°, 
M = 245.25 cos 30° = 212 N -m Ans. 


bp 2GS8iNO 
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e11-25. The crankshaft is subjected to a torque of 
M = 50 lb-ft. Determine the vertical compressive force F 
applied to the piston for equilibrium when 0 = 60°. 





Free Body Diagram : The system has only one degree of freedom defined by the 
independent coordinate 6. When @ undergoes a positive displacement 56, only the 
force F and couple moment M do work. 


Virtual Displacements : Force F is located from the fixed point A using the 
positional coordinate yo. Using the law of cosines. 


5° = y2 +37 ~2(y-) (3) cos(90°— 8) (1) 


However, cos(90° — 8) = sin8. Then Eq.[1] becomes 25 = y2 +9-6y-sin@. 
Differentiating this expression, we have 


0 = 2y-dy- - 6dy¢sin6 - 6y-cos 650 
6y,-cos 6 
fe al aia 
re = Tye ~6sin 6 (2) 
Virtual- Work Equation : When point C undergoes a positive virmal displacement 
dye, force F does negative work. The couple moment M does positive work when 
link AB undergoes a positive virmal rotation 58. 


6U=0; -Féy.+Md0=0 (3] 
Substituting Eq.(2] into [3] yields 


Grecos 6 eu \se=0 
=— F 
ya- 6sin 6 ) = 


Since A # 0, then 
6y-cos @ 
DO aree + | 
2y- — ásin a aia 


F 
6y-cos @ 


[4] 


At the equilibrium position, 8 = 60°. Substituting into Eg.[1], we have 


5? = yo +3° =2(y-) (3) cos 30° 
Ye = 7.368 in. 





Substituting the above results into Eq. [4] and seting M = 50 Ib- ft, we have 


|e — 6sin 60° 
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11-26. If the potential energy for a conservative one- 
degree-of-freedom system is expressed by the relation 
V = (4x? — x? — 3x + 10) ft-lb, where x is given in feet, 
determine the equilibrium positions and investigate the 
stability at each position. 


Va dr -r ~ 17+ 10 


ra 22 y¥(-2P - 4124-3) 


24 
z=0.590R and -0.424h 


ËV 
da ale 


PV 
-a = 240.590)-2=12.2>0 stable Ans 


dV 
Tp = 24-0.424)-2=-122<0 unstable Ans 


11-27. If the potential energy for a conservative one- 
degree-of-freedom system is expressed by the relation 
V = (24sin 0 + 10 cos 20) ft-lb, 0° = 6 = 90°, determine 
the equilibrium positions and investigate the stability at 
each position. 


V= 24sin@+ 10cos20 
Equilibrium Position : 
= = 24cos0- 10sin20 = 0 
24cos @-40sin@cos@ =0 
cos 6(24- 40sin 6) = 0 
cos =0 6 = 90° 


24-40sin@ =0 6=36.9° 


ae —40cos 180° = 243in90" = 16>0 stable Ans 


d’v = —d0cos 73. 7° —243in36.9° = -25.6<0 unstable Ans 


dë 
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*11-28. If the potential energy for a conservative one- 
degree-of-freedom system is expressed by the relation 
V = (3y? + 2y? — 4y + 50) J, where y is given in meters, 
determine the equilibrium positions and investigate the 
stability at each position. 


Fotential Function: 
V = 3y2 +2y* —4y+ 50 


Equilibrium Configuration: Taking the first derivative of V, 


dV 2 
——=9y*+dy-—4=0 
a6 ¥ y 


Thus, 
y=048Ilm, y=-925m Ans. 


Stability: The second derivative of V is 


2 
ov ajy +4 
dg” 


d?V 
Aty = 0.481 m, Pr =12.7>0 Stable Ans, 


2 
Aty = -925 m, £= -127<0 Unstable Ans. 
dé 
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e11-29. The 2-Mg bridge, with center of mass at point G, is 
lifted by two beams CD, located at each side of the bridge. 
If the 2-Mg counterweight E is attached to the beams as 
shown, determine the angle 0 for equilibrium. Neglect the 
weight of the beams and the tie rods. 





Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the bridge and counterweight 
are positive since their centers of gravity are located above the datum. Referring to the geometry shown in Fig. b, 

yg = (0.3cos@ + 2.5sin@)mand yg =(2- 2sin@) m 

Thus, 


V =V; = Emgy = 2000(9.81X0.3cos G+ 2.5sin6)+ 2000(9.81}( 2 — 2 sin@ ) 
= 5886cos@ + 9810sin@ + 39240 


Equilibrium Configuration: Taking the first derivative of V, 
dV 
—— = -5886 sing + 9810cos 0 
dé 


Equilibrium requires x = 0. Thus, 


-5886 sin + 9810cos 0 = 0 
@ = 59.04° = 59.0° Ans. 
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11-30. The spring has a stiffness k = 600 lb/ft and is 
unstretched when 0 = 45°. If the mechanism is in equilibrium 
when 0 = 60°, determine the weight of cylinder D. Neglect 
the weight of the members. Rod AB remains horizontal at all 
times since the collar can slide freely along the vertical guide. 





Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the cylinder is positive 
since its center of gravity is located above the datum. Here, y = (5 cos6 — b )ft. Thus, 


Vo = Wy = Wp(5cos@ _ b)=$Wp cos@ — «Wphb 


The elastic potential energy of the spring can be computed using V, = ks? , where s =(5sin 8 -Jsin45°) ft =(Ssin@ — 3.5355) ft. 


Thus, 


t |= 


V, = = (600XSsind — 3,5355)* = 7500sin2@ — 10606.60sin@ + 3750 


The total potential energy of the system is 
V =V, + Ve =--5Wp cos + 7500sin79 — 10606.60sin 8 - £Wpb + 3750 


Equilibrium Configuration: Taking the first derivative of V, 


dV $ 0 
=g = SW DBFAO + 15006in8 cos0 — 10606.60 cos 6 


Equilibrium requires T = 0. Thus, 


-5W p $090 +.1500sin@ cos8 — 10606.60cos 0 = 0 
_ 150Qsin 8 cos 0 — 10606.60 cosé 


Wr = 
p 5sin0 
When @ = 60°, 
Wp = 150Qsin 60° cos al — 10606.60 cos 60 = 275 Ib am 
5sin 60° 
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11-31. If the springs at A and C have an unstretched 
length of 10 in. while the spring at B has an unstretched 
length of 12 in., determine the height h of the platform 
when the system is in equilibrium. Investigate the stability S 
of this equilibrium configuration. The package and the 
platform have a total weight of 150 Ib. 





kı = 20 lb /in. 





kı =201b/in. ky = 30 Ib /in. 


Potential Fanction: With reference to the datum, Fig. a, the gravitational potential energy of the package and the platform is 
positive since their center of gravity is located above the datum. Here, y = A + b where b is a constant. Thus, 
Vo = Wy = 150(h+6)= 150h + 150b 


The elastic potential energy for the springs can be computed using V, = > ks?. Here, the compressions of the springs are s4 = 4" = 
(10— A) in. and sp =(12— A) in. Thus, 
l 
V, = | 500x 10- n? [+4602 -h)? 


=35h* — 760h + 4160 


The total potential energy of the system is 
V=V,+V, = 35h? -760h + 4160+ 150h + 150b 


Equilibrium Configuration: Taking the first derivative of V, 


dv 
Th = 70h — 610 


Equilibrium requires < = 0. Thus, 
70k — 610 = 0 h = 8.714in. =8.71 in. Ans. 


Stability: The second derivative of V is 


2 
dV =70>0 stable Ans. 
dh2 
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*11-32. The spring is unstretched when 0 = 45° and has a 
stiffness of k = 1000 lb/ft. Determine the angle 0 for 
equilibrium if each of the cylinders weighs 50 lb. Neglect the 
weight of the members. 











Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the cylinders is negative 
since their centers of gravity are located below the datum. Here, y = 4 cos@ + b, where b is constant. Thus, 


V = ZWy = -2{50(4 cos + b)) = —(400cos@ + 100b) 


The elastic potential energy of the spring can be computed using V, = $b? , where s = 2sin 45° — 2sin 0 = 1.414 — 2sin 8. Thus, 


V, = =(1000X1.414- 2sin@ )? = 2000sin? 6 - 2828.43 sin@ + 1000 


The total potential energy of the system is 
V=V,+V, = 2000sin* @ — 2828.43 sin® — 400 .cos@ — 100b + 1000 


Equilibrium Configuration: Taking the first derivative of V, 


a= 4000 sin@ cos ~ 2828.43cos 6 + 400 sing 


Equilibrium requires Z = 0. Thus, 


4000 sin cos — 2828.43cos 0 + 400 sin = 0 


Solving by trial and error, 
0 = 38.8° Ans. 
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e11-33. A 5-kg uniform serving table is supported on each 250mm 150mm 
side by pairs of two identical links, AB and CD, and springs i , 
CE. If the bowl has a mass of 1 kg, determine the angle 6 
where the table is in equilibrium. The springs each have a 
stiffness of k = 200 N/m and are unstretched when 6 = 90°. 
Neglect the mass of the links. 








Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the bowl and the table 
are positive since their centers of gravity are located above the datum. Here, 
Yor =(0.25sin@ + a)m and yg, = (0.25sin + b)m. Thus, 


Vg = Emgy = 2(9.81X0.25sin 0 +a) +5 (9:81X0.25sin0 +b) 
= 7.3575sinð + 24.525a + 4.905b 
The elastic potential energy of the spring can be computed using V, = 5 ks, where s = 0.25cos 6 m. Thus, 


V, = =(200X0.25c0s 0)” = 6.250087 0 


ra | = 


The total potential energy of the system is 
V =V; +V = 6.25008% + 7.3575sin0 + 24.525a +4.905b 


Equilibrium Configuration: Taking the first derivative of V, 


== —12.5c0s6 sin@ +7.3575c0s 0 


Equilibrium requires T = 0. Thus, 
—12.5cos@ sin + 7.3575cos 0 = 0 
cos 0(—12.5sin 6 + 7.3575) = 0 
cs@=0 @=90° Ans, 
—12.5sin@ + 7.3575 = 0 ð = 36.1° Ans. 


aL 
K ENN N -Sugen 





(2) 
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11-34. Ifa 10-kg load 7 is placed on the pan, determine the 
position x of the 0.75-kg block H for equilibrium. The scale is 
in balance when the weight and the load are not on the scale. 








Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of block His positive since its center 
of gravity is located above the datum, while the gravitational potential energy of load / is negative since its center of gravity is 


located below the datum. Here, yy = [(0.1 +x)sin@ | mand y; = (0.1sin @ +b) m where b is a constant. Thus, 
V =V; = Emgy = 0.75(9.81X0.1 +x sind + [-10(9.81X0.1sin6 + b)] 
= 7.3575(0.1+ x) sin@ — 9.81 sind — 98.1b 


Equilibrium Configuration: Taking the first derivative of V, 


Z = 7.3575(0.1+x)o0s 8 - 9.81 c0s6 


Equilibrium requires “ = 0. Thus, 


7.3575(0.1 +x )cos 6 —9.81 cos@é =0 
cos 6[7.3575(0.1 + x)-9.8 1] =0 
cosĝ=0 0 = 90° 


7.3575(0.1+x)-9.81 = 0 
x= 1.23m Ans. 


079 (7-B)N 





JOGBIN 
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11-35. Determine the angles 6 for equilibrium of the 
200-lb cylinder and investigate the stability of each position. 
The spring has a stiffness of k = 300 1b/ft and an 
unstretched length of 0.75 ft. 








Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the cylinder is positive since its 

center of gravity is located above the datum. Here, y = (3sin @ — b) ft, where b is a constant. Thus, 
Vz = Wy = 200(3sin@ — b) = 600sin@ — 200b 

The elastic potential energy of spring BC can be computed using V, = ahs? . where s = X 1.5c0s@ )— 0.75 = (3.cos6 — 0.75) ft Thus, 
ka Z03006 cos@ — 0.75)? 


= 1350cos* 0 -675c0s 0 + 84.75 


The total potential energy of the system is 
V =V; + Ve =1350c0s* 6 —675c0s 0 + 600sin O + 84.375 — 200b 


Equilibrium Configuration: Taking the first derivative of V, 






dV l 
Sor = 2700080 sind +675sin 8 +600c0s 8 35ing ft 


= —1375sin 20 + 675sin@ + 600cos0 






92001b 9N, 


a ae 
SFERELE, morer EA 
ee aaa Lp ES 


dv patum 
=1375sin 20 + 675sin 6 + 600cos ð = 0 


(A) 
Solving by trial and error, 
Ə =17.1° and @ =70.9° Ans, 


Stability: The second derivative of V is 
2 

£- = =2700 c2 + 675cosé — 600 sin 
d“ 

At the equilibrium configuration 8 = 17.19, 
d?V | l ! ‘ 
ee = ~2700 cos 34.2° + 675cos 17.1° —600sin 17.1 
4°04 17.12 


= —1764 <0 unstable Ans. 


At the equilibrium configuration @ = 70.92°, 


2 
“| = -2700008 141.84° + 675008 70.92° — 600sin79.2° 
d76 =70.92° 
= 1776.67 > 0 stable Ane. 
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*11-36. Determine the angles 0 for equilibrium of the 
50-kg cylinder and investigate the stability of each position. 
The spring is uncompressed when 0 = 60°. 








Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the cylinder is positive since its 
center of gravity is located above the datum. Here, y = (1 sin@ — b) m, where b is a constant. Thus, 
V, = mgy = 50(9.81sin0 — b) = 490.5sin0 — 490.5b 


The elastic potential energy of the spring can be computed using V, = = hs, where s = 2(1 cos@ — cos 60°) =(2.c0s 0 — 1) m. Thus, 


Va 3900X2005 6 - 1)? = 180000820 — 1800 c05 6 +450 


The total potential energy of the system is 
V =V; + Ve = 1800c0s” 6 — 1800 cos0 + 490.5sin0 + 450- 490.5b 


Equilibrium Configuration: Taking the first derivative of V, 


Z- -3600 sin8 cos 0 + 1800 sin + 490.5 c0s0 


= —1800sin 29 + 1800 sin 0 +490.5cos 0 


Equilibrium requires 5 = 0. Thus, 


~ 1800 sin 20 + 1800sin@ + 490.5cos8 = 0 


Solving by trial and error, 
0 =16.55= 16.6” and0 = 52.9° Ans, 


Stability: The second derivative of V is 
d?V 
og —3600 cos 28 + 1800cos 8 — 490.5sin@ 

At the equilibrium configuration 8 = 16.55°, 

d*V 
— = —3600 cos 33.10° + 1800 cos 16.55° — 490.Ssin 16.55° 
d'O b -52 916° 
= —1430<0 unstable Ans. 


At the equilibrium configuration @ = 52.92°, 
d*V ' 
— = -3600 cos 105.84° + 1800 cos 52.92° — 490.5 sin 52.92° 
a’6 =52.916° 


=1676.22>0 stable Ans. 





1067 








11 Solutions 44918 1/29/09 12:42 PM Page 1068 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


determine the mass of the bar BC. The spring has a stiffness 
of k = 2 kN/m and is uncompressed when 0 = 0°. Neglect 
the mass of the links. 


e11-37. If the mechanism is in equilibrium when 0 = 30°, /~ 
A 





600 mm 








Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of block Æ is negative since its center 
of gravity is located below the datum. Here, y = (0.45sin@ + b) m, where b is a constant. 
V, = —mgy = -m p(9.81{0.45 sin @ + b) = - (4.414534f g sin® + 9.81m gb) 


The elastic potential energy of the spring can be computed using Ve = = Is, where s = 0.45 — 0.45 cos 8. Thus, 
Vp = = ( 2000 0.45- 0.45000)? 
= 202.5+ 202.5 cos?0 — 405 cosé 


The total potential energy of the system is 
V =V + Ve =-4.4145m p sind + 202.5 cos” @ — 405c0s 8 - 9.81m gb + 202.5 


Equilibrium Configuration: Taking the first derivative of V, 


Z = —4.4145mg cos 8 — 405 cos 8 sin@ + 405 sind 


Equilibrium requires = = 0. Thus, 
—4.4145m g cos 8 — 405 cos O sin@ + 405sin@ = 0 
_ 405 sin@ — 405 cos 6 sin 8 


mE = ———~774145 cos 0 
When 8 = 30°, 
ine 405 sin 30° — 405 cos 30° sin 30 = 7.10 kg i 
4.4145 cos 30° 
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11-38. The uniform rod OA weighs 20 lb, and when the rod 
is in the vertical position, the spring is unstretched. 
Determine the position 0 for equilibrium. Investigate the 
stability at the equilibrium position. 


Potential Function : The spring stretches s = 12(0) in., where @ is in radians. 
| l 
V2¥+\¥= 5(2)(126)? + 20f 1.5(12)cos 6] 


= 1446 + 360cos8 


dV 
76 = 2886—360sin@ =O 


@= 1.1311 rad = 64.8° 
ef Ans 


dv | 
Ja = 288 - 360cos@ 


ËV 

— = 188 — 360cos64.9° = 135 > 0 table 

ie me $ 1.5 12) Cas@ in. 
ZY = 288 ~ 360c08 0° =-72 <0 unstable 


11-39. The uniform link AB has a mass of 3 kg and is pin 
connected at both of its ends. The rod BD, having negligible 
weight, passes through a swivel block at C. If the spring has a 
stiffness of k = 100 N/m and is unstretched when 0 = 0°, 
determine the angle @ for equilibrium and investigate the 
stability at the equilibrium position. Neglect the size of the 
swivel block. 

















s = 4 (0.47 + (0.4)? -20.47 cos 
= (0.4) 2(1 - cos8) 


V =Y¥+y 


= —(0.2Xsin0)3 (9.81) + =(100)[ (0.4) (2)(1 ~ ons) 


= = —(5.886)cos@ + 16(sin@) = 0 (1) 


@=070.2° Am 


Z = 5.886 sin@ + (16030 = 17.0 > 0 stable Ans 
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*11-40. The truck has a mass of 20 Mg and a mass center at 
G. Determine the steepest grade 0 along which it can park 


without overturning and investigate the stability in this 
position. 





Potential Function : The damm is established at point A. Since the center of 
gravity for the truck is above the datum, its potential energy is positive. Here, 
y =(1.5sin @+3.5cos 8) m. 


V= V, = Wy = W(1.5sin 0+ 3.5cos 6) 


dV 
Equilibrium Position : The system is in equilibrium if re 0 





= = W{1.5cos 8- 3.5sin 0) =0 
Since W = 0, 
l.5cos @—3.5sin 8 = 0 

ë = 23.20" = 23.2° 


Stability : 
ËV 
— st =]. 5sinf- 3.5cos 
-T W{-1.5sinf 6) 
dV 


—— = W(—1.5sin 23.20° — 3.5cos 23.20°) = -3.81W < 0 
d@? | 9=223.20* 


Thus, the truck is in unstable equilibrium at 8 = 23.2° Ans 


e11-41. The cylinder is made of two materials such that it 
has a mass of m and a center of gravity at point G. Show 
that when G lies above the centroid C of the cylinder, the 
equilibrium is unstable. 


Potential Function : The datum is established at point A. Since the center of 
gravity of the cylinder is above the datum, its potential energy is positive. Here, 
y =r+dcos 6. 

V=V,=Wys mg(r+ acos 8) 


„aV 
Equilibrium Position : The system is in equilibrium if 7z = 0. 


=-mgdsin 0 = 0 


dV 
dð 


sinĝ =0 0=0. 


d*Vv _ 8 
gap Tmas 
dv = dcos 0° = —mga <0 
d@ | o=0° Bii 


Thus, the cylinder is in unstable equilibrium at 6 = 0° (Q. E. D. ) 
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11-42. The cap has a hemispherical bottom and a mass m. 
Determine the position A of the center of mass G so that the 
cup is in neutral equilibrium. 





Potential Function : The datum is established at point A. Since the center of 
gravity of the cup is above the damm, its potential energy is positive. Here, 
y =r—hAcos b. 

V=V, = Wy = mg(r—hcos 6) 


_. dV 
Equilibrium Position : The system is in equilibrium if rT 0. 
= = mghsin @ = 0 


sin8@=0 6=0°. 


fe d'V 
Stability : To have neutral equilibrium at 6 = 0°, mr Pa 
dV 
ap "S 





= 
TE loo" mghcos 


h=0 Ans 


d? 
Note : Stable Equilibrium occurs if k > of “al. = mghcos 0° > o} 
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11-43. Determine the height h of the cone in terms of the 
radius r of the hemisphere so that the assembly is in neutral 
equilibrium. Both the cone and the hemisphere are made 
from the same material. 





Potential Function: The mass of the cone and hemisphere are mge = L ar?h ni r hand m =p Ze DSaW, 


where pis the density of the homogeneous material. With reference to the datum, Fig. a, the gravitational potential 
energy of the cone and hemisphere are positive since their centers of gravity are located above the datum. Here, 


yc = r+ [cos Band ys= r-Šros 8. Thus, 
V=V;= zmgy=(5pmr?r)e| vB oo o) +2 pm el r- roso) 


2 
2 rh+— 0088+ 2? -2 on | 


Equilibrium Configuration: Taking the first derivative of V, we have 


2 2 
Ao l 2 k.a 3a. l r EN h 332 
Å _— — -m — SS = a — m — | 
8 sa? aad { 4 sinô +r in ZPN gsin 4 +49 


Equilibrium requires = = 0. Thus, 
| om? sin @ #32 =0 
gh 8 ag a 
sind =0 @=0° 


Stability: The second derivative of Vis 


2 ha , 
ay = I pmr?gowð SaM 3 2 
3 4 4 





do? 
d?V 
For neutral equilibrium at @ = 0°, —— = 0. Thus, 
dð? u 
m ; 
l 93 3 2 
a === ce =0 
3 Pm gcos or | 
' | 2 
Since = par g + 0, then 
2 
h 3 2 
= = — =f) 
E 4 
h = Br Ans. 


2 
Note. The equilibrium configuration of the assembly at @ = 0° is stable if A e 0a is unstable if 
dd |, 90 
2 
h> B av <0}. 
G1, 
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*11-44. A homogeneous block rests on top of the —b— 
cylindrical surface. Derive the relationship between the ki 
radius of the cylinder, r, and the dimension of the block, b, b 
for stable equilibrium. Hint: Establish the potential energy pi 
function for a small angle 0, i.e., approximate sin 0 ~ 0, and 

cos @ = 1 — 67/2. 





Potential Function : The datum is established at point O. Since the center of 
gravity for the block is above the damm, its potential energy is positive. Here, 


G 5) = 
= 3 i [1] 
v=w, =w|(r+3 cos 0+ r@sin 0 


ca 
For small angle @, sin @ = 8 and cos @ = 1- —-. Then Eq. [1] becomes 


eA 


-w(F-"F tre) 





4 2 
a ge L 
Equilibrium Position : The system is in equilibrium if = = 0 
dV b 
— = --|@=0 #@=0° 
dô wr 3) = 
P min, E] >o 
Stability : To have stable equilibrium , Fl ie 
ih =w(r-z)>0 
dF | g.0* 2 
(r-3)>0 
2 
be2r Ans 


1073 








11 Solutions 44918 1/29/09 12:42 PM Page 1074 D 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e11-45. The homogeneous cone has a conical cavity cut 
into it as shown. Determine the depth d of the cavity in 
terms of h so that the cone balances on the pivot and 
remains in neutral equilibrium. 


Potential Function : The datum is established at point A. Since the center of 
Bravity of the cone is above the datum, its potential energy is positive. Here, 


l 
y =(y-d)cos BG +d) -dcos @= = (= 3d) cos ð. 


= W(h—3d) 
4 


V= w| 3 (h-3d)cos 8. cos @ 


Equilibrium Position : The system is in equilibrium if ad =0 


dV W(h-3 
- ( d) ind =0 


dé 4 


2 
Stability : To have neutral equilibrium at 8 = 0°, ni =0. 
d@ | asot 


dV = W(h- 3d) 
= = -— cos 8 


de 4 


PV Wih- 3d) 
-—— c 


de a=9* = 4 seals 


_W(h-3d) _ 


A 
ie; Ans 


e h 
Note : By substituting d = 3 into Eq.[1], one realizes that the fulcrum must be at 
the center of gravity for neutral equilibrium. 
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11-46. The assembly shown consists of a semicylinder and 
a rectangular block. If the block weighs 8 lb and the 
semicylinder weighs 2 lb, investigate the stability when the 
assembly is resting in the equilibrium position. Set h = 4 in. 


d= 2 = 1.698 in. 
3z 


Vee 2(4 = 1.698 cos@) + 8(4 + 2 cos8) 
ld = 3.395 sin8 - lő sin = 0 
d 


sin = 0 





@=0° (equilibrium position) S a” 
fag Ryn Te 
m at A = 
2 
= = 3.395 cos@ - l6cos@ 


y= (4-L6IBCosO iN., 


d*v 
Atë = P, =a = -12.6 < 0 Unstable Ans 
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11-47. The 2-lb semicylinder supports the block which has 
a specific weight of y = 80 lb/ft®. Determine the height A 
of the block which will produce neutral equilibrium in the 
position shown. 


d a XY s 1.698 in. 
Ja 


i caso) 
ya v = M4 - 1.698 cos@) + [o5 oo] + e 


dV _ 3.395 sind - 1.852 h° sin = 0 





sing = 0 


g@=0° (equilibrium position) 


d'V _ 3,395 cos@ — 1.852h° cos@ = 0 | Y= (4 -1-698 Cos®) in. 
= 3.393 = 1.35 in. Ans 
1.852 
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*11-48. The assembly shown consists of a semicircular 
cylinder and a triangular prism. If the prism weighs 8 Ib and 
the cylinder weighs 2 lb, investigate the stability when the 
assembly is resting in the equilibrium position. 








OF = 44) = 1.70 in. 
3x 
1 , 
OA = 3 = 2m. 
V =V = 8(4 + 2.cos@) + 24 - 1.70 cos) 


V = 40 + 12.6 cos6 





dV 


a" = ~12.6sin@ = 0 4 (4-|-7000s 8) iN. 
dê 
@=0° Ans (for equilibrium) 


dV a ~12.6c0s0 
Je 


Arg = 0°, 


ad = -12.6<0 unstable Ans 
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e11-49. A conical hole is drilled into the bottom of the 
cylinder, and it is then supported on the fulcrum at A. 
Determine the minimum distance d in order for it to remain 
in stable equilibrium. 











Potential Function: First, we must determine the center of gravity of the cylinder. By referring to Fig. a, 


ko s, dfl 2a 
5pm?) 2 1 pr 





6h* - d? 


STET (1) 


~ A3h- d) 


LC 
=m 








j= = 
pmr7h — sma 


With reference to the datum, Fig. a, the gravitational potential energy of the cylinder is positive since its center 
of gravity is located above the datum. Here, 


6h? — d? g =| Oh? — 12hd + 3d? p 
4(3h — d) 





Thus, 


Ene 2 
wW | 6h” — 12hd+3d 
5 4 (3h — d) | ? 


Equilibrium Configuration: Taking the first derivative of V, 
wv 6h? —12hd+3d2 |. r 
do 4Gk—-a) | 





Equilibrium requires = = 0. Thus, 





6h? —12hd + 3d? 
4(3h —d) 


sind = 0 6 =0° 


ino =0 


Stability: The second derivative of V is 


dV 6h2 — 12hd + 3d? 
— Z -W| — [cos 9 
d6 4(3h —d) 


To have neutral equilibrium at @ = 0°, a'y = 0. Thus, 
“6 =F 


2 2 
6h” —12hd+3d 
| A(3h-—d) a 


6h? — 12hd + 3d? = 0 


12n+y -12h)* —4(3 6h? 
E CHa HAG oasa = ie Ans. 


d= 
X3) 
Note. If we substitute d = 0.58584 into Eq. (1), we notice that the fulcrum must be at the center 


of gravity for neutral equilibrium. 
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rod AB, and a flywheel. If a torque of M = 50N-m is 
applied to the flywheel, determine the force F applied at the 
ram to hold the rod in the position 0 = 60°. 


11-50. The punch press consists of the ram R, connecting i 
B o4 





Free Body Diagram : The system has only one degree of freedom defined by the 
independent coordinate 0. When @ undergoes a positive displacement 50, only 
force F and 50 N-m couple moment do work. 


Virtual Displacements : The force F is located from the fixed point A using the 
position coordinate x, . Using the law of cosines, 


0.4° =x} +0.1°-2(x,) (0.1) cos 8 [1] 
Differenuating the above expression, we have 


0= 2x, dx, -0.2dx, cos8+ 0.2, sin 666 
O.2x, sin 8 50 (2] 


Š E 
*a = 0.2cos 0-2x, 





Virtual - Work Equation : When point A undergoes positive virtual displacement 
6x,, force F does negative work. The 50 N - m couple moment does negative work 
when the flywheel undergoes a positive virtual rotation 58. 


6U =0; - Féx, -5066=0 (3] 
Substituting Eq, (2) into [3] yields 


0.2x, sin @ 
(spores F50)80=0 
Since 60 # 0, then 
__ 02x, sin 8 
0.2cos 0- 2x, 
50(0.2cos 8- 2r, ) 


0.2x, sin 6 


F~50=0 


Fa- [4] 


At the equilibrium position, @ = 60°. Substituting into Eq.[1], we have 
Substituting the above results into Eq. [4], we have 
0.47 =x} +0.17 -2(x, )(0.1) cos 60° 


x4 =0.4405 m p = „00.2208 60° ~2(0.4405)) 


=512N A 
0.20.4405) sin 60° ize 
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11-51. The uniform rod has a weight W. Determine the 
angle 0 for equilibrium. The spring is uncompressed when 
0 = 90°. Neglect the weight of the rollers. 





Potential Function : The datum is established at point A. Since the center of 
gravity of the beam is above the datum, its potential energy is positive . Here, 


y = sin @ and the spring compre'ses x = Leos 8. 


V=V,+V, 

l 

= kx" +W 
3 y 
l 2 L. 

= 5%) (Lcos 0)“ + w(5sin e) 

2 
= < cos? 0+ sin 8 


dV 
Equilibrium Position : The system is in equilibrium if — = 0. 





de 
wW 
= =-kL'sin &cos 0+ Ecos ĝ=0 
W 
cos o(-X2?sin 6+ =) 
Solving, 
@=90° or si n =) Ans 
= sn (SEL 
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*11-52. The uniform links AB and BC each weigh 2 Ib 
and the cylinder weighs 20 Ib. Determine the horizontal 
force P required to hold the mechanism at 0 = 45°. The 
spring has an unstretched length of 6 in. 





Free Body Diagram : The system has only one degree of freedom defined by 
the independent coordinate 6. When @ undergoes a positive displacement 58, 
only the spring force F,, the weight of links (2 Ib), 20 Ib force and force P do 
work. 


Virtual Displacements : The positions of points B, D and C are measured 
from the fixed point A using position coordinates ya, Yp and x; respectively. 


yp = 10sin @ Sya = 10cos 658 (1] 
Yp = Ssin 6 dyp = Scos 650 (2) 
rc = 2( 10cos 8) xe = -20sin 050 (3) 


Virtual - Work Equation : When points B, D and C undergo positive 
virtual displacements Sy,, dypand xç, spring force E, that acts at point C, 
the weight of links (2 Ib) and 20 lb force do negative work while force P does 
positive work. 





5U=0, -F, 6x -2(2dyp) — 20dyy + Pox, =0 [4] 
Substituting Eqs. [1}), [2] and [3] into [4] yields 
(20£,sin 0- 20Psin 0- 220cos 0 ) 58 =0 [5] 


However, from the spring formula, £, = kx = 2[2( 10cos8) — 6] 
= 40cos 0—12. Substituting this value into Eq. [5] yields 


(800sin Ocos 0- 240sin 0- 220cos 8- 20Psin 6) 50 = 0 
Since 50 # 0, then 


800sin Geos 6-240sin 8 -220cos 6— 20Psin 6 = 0 
P= 40cos 0- I 1cot @— 12 


At the equilibrium position, @ = 45°. Then 


P= 40cos 45° = Licot 45° ~ 12 = 5.28 Ib Ans 
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e11-53. The spring attached to the mechanism has an 
unstretched length when 0 = 90°. Determine the position 6 
for equilibrium and investigate the stability of the 
mechanism at this position. Disk A is pin connected to the 
frame at B and has a weight of 20 Ib. 








Potential Function : The datum is established at point C. Since the center of 
gravity of the disk is below the datum, its potential energy is negative. Here, 
y = 2(1.25cos @) = 2.5cos @ ft and the spring compresses x = (2.5—2.5sin @) ft 


Vai +V 


(16)(2.5—2.5sin 6)? —20(2.5cos 8 ) 


= 50sin?@~ 100sin @—50cos 6+ 50 


Equilibrium Position : The system is in equilibrium if = =0. 


dV 
= 100sin Ocas 8 — 100cos 6+ 50sin 6 = 0 


dV 
as 50sin 28— 100cos 8 + 50sin 6 = 0 





Solving by mial and error, 
9 = 37.77? = 37.8° Ans 
Stability : 
ËV 
r- 100cos 28+ 100sin 8+ 50cos 8 


ey 

— = a i 

ee 100cos 75.54° + 100sin 37.77° + 50cos 37.77° 
= 125.7>0 


Thus, the system is in stable equilibrium at @ = 37.8° Ans 
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11-54. Determine the force P that must be applied to the c 
cord wrapped around the drum at C which is necessary to a 
lift the bucket having a mass m. Note that as the bucket is 
lifted, the pulley rolls on a cord that winds up on shaft B and | NAAR 
unwinds from shaft A. | 


L) 
I III III IIIT 


eZ 
eZ 
eZ 
Z 





C222 


As shaft roues 50 


SU = 0; P(e) 5 -TE 5+ =E (a 58) =0 





Ps (*5*) me Ans 
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11-55. The uniform bar AB weighs 100 Ib. If both springs 
DE and BC are unstretched when 0 = 90°, determine the 
angle 0 for equilibrium using the principle of potential 
energy. Investigate the stability at the equilibrium position. 
Both springs always remain in the horizontal position due 
to the roller guides at C and E. 





Potential Function : The datum is established at point A. Since the center of 
gravity of the beam is above the damm, its potential energy is positive, Here, 
y =(3sin 6) ft, the spring at D stretches xp = (2cos O ) ft and the spring at 8 
compreeses x = (6cos 0) ft 

V=V,+V, 


l 
= Izk" +Wy 


5 (24) (2c0s 0)? += (48) (6c0s 6)? + 100(3sin 8) 
912cos*@+ 300sin @ 


dV 
Equilibrium Position : The system is in equilibrium if 76" 0. 





z = —1824sin Gcos 0+ 300cos 8 = 0 


dV 
76 = =912sin 20+ 300cos 0 = 0 





Solving, 
6=90° or 6=9,467° = 9.47° Ans 
Stability : 
ai = -1824cos 20- 300sin 6 
d ~ 
| 182 80° i 
dE lees 7T dcos 180° — 300sin 90° = 1524 > 0 
Thus, the system is in stable equilibrium at @ = 90° Ans 
dV ; 
7 img mg P 
Thus, the system is in unstable equilibrium at 0 = 9.47° Ans 2 = 
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*11-56. The uniform rod AB has a weight of 10 Ib. If the 
spring DC is unstretched when 0 = 0°, determine the angle 
6 for equilibrium using the principle of virtual work. The 
spring always remains in the horizontal position due to the 
roller guide at D. 





k = 50 lb/ft 





Ye = L.Scosé dy, =~1.5sind 50 

xp = lsinð dre = cos 059 

dU=0, -Ws ~ F, dtr = 0 
~1Q(-1.5sin 040) - F, (cos @ 66) = 0 
66(15sin@ —F, cos@) =0 

Since 56 2 0 
\Ssin@-F,cos@=0 (1) 

F, =k whee x= lsin (2) 

F, = 50{sin ð) = 50sin@ 

Substituting Eq. (2) into (1) yields : 


I5sin8 —(50sin6)cos@ = 0 





sin ĝ(15 -= S0cos8)=0 
sing =0 d=- 0 Ans 
15- š0cosġ=2 0 §@=72.5° Ans 
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e11-57. Solve Prob. 11-56 using the principle of potential 
energy. Investigate the stability of the rod when it is in the 
equilibrium position. 






k = 50 lb/ft 


very, = 5(50)(sind? + 10(1.5c08) 


= 25sin’ 6+ L5cos@ 


== =) 






oe 50sin @:0s6—15sin8 =0 


| 1 1.5c0s Of 


sin @(S0cos 8-15) =0 

Datum 
sing =0 g= 0 Ans 
š0cos8 -15 =0 6=72.5° Ans 


ie 50cos20—15cos6@ 


de 
ËV 
A @=0, JE = 50cos0° - l5cos0° =35>0 stable Ans 
” ËE 
At 0a72.5°, Ta 7 $0008 145° - 15c0s72.5° =~45.5<0 unstable Ans 
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11-58. Determine the height h of block B so that the rod 
is in neutral equilibrium. The springs are unstretched when 
the rod is in the vertical position. The block has a weight W. F 




















Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of block B is positive since its center 


0? 
of gravity is located above the datum. Here, the rod is tilted a small angle @. Thus, y = h cos@. For a small angle @, cos @ = | — a 


Thus, 


g? | 
Vo = Wy = 1-5 


The elastic potential energy of each spring can be computed using V, = = hs? Since ĝis small, s = /@. Thus, 
V, = 43 Kio? |= H’o? 


The total potential energy of the system is 


a2 
V=Vg +V sm1- $ru 
2 


Equilibrium Configuration: Taking the first derivative of V, 
<= -Wh0 + 2h 76 = 0(-Wh + 2K”) 


Equilibrium requires A = 0. Thus, 


6(—-Wh +27) =0 
@=0° 


Stability: The second derivative of V is 
d?V 





I = Wh +2” 
dé Datum 
d*v 
To have neutral equilibrium at @ = 0°, 3 = 0. Thus, 
d= 
—Wh + 2k? = 
2 
= 2h” Ans. 
W 





2 2 2 2 
Note The equilibrium configuration of the system at @ = 0° is stable if h < 22 —| 2” > 0 | and is unstable if A > =| 2 <0 
W \ ae? W \ ae? 
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